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PREFACE TO SECOND EDITION

lu preparing the second edition of the "Metallurgists and
Chemists' Handbook" there has been no change from the plan
originally adopted, and the additions, in the main, have been
largely those bearing on war activities, such as additional
information on alloys and toxic gases. Unfortunately much
that I should like to print on these subjects is at present for-

bidden ground. A short chapter has also been added on
"Organic Chemistrj^, " and an attempt made to present the
new concepts concerning the constitution of matter.
Thanks are due to the many friends who have pointed out

the defects of the first edition. Among these I feel most
indebted to are Dr. Colin G. Fink for notefi on the" Constants of

tungsten; B. A. Robinson for a careful rfevie_w 'of practically

the entire book; and Dr. Robert B. Sosrcaii for notes on the
carbonates and silicates. •

DoXALli M! LiDDELL.
Washingtox, D. C,

AprU 15, 1918.





PREFACE TO FIRST EDITION
This book is but little more than a collection of tables—those

which my own experience and the requests from the readers of

the Engineering and Mining Journal have led me to believe
are most necessary to the chemist and metallurgist. There is

no lengthy discussion of processes or apparatus. The field of

descriptive metallurgy is at present too crowded by the monu-
mental works of Schnabel, Hofman, Roberts-Austen and others,

to admit of further competition. Certain sections will probably
be criticized for their brevity, but these treat of those processes
where there are no tables of constants, and the matter must
either be descriptive or else non-existent.

In the preparation of these tables I have been constantly
struck by the divergent values given bj" different authorities

for the same constants. While space has usually' prevented my
giving the names of the experimenters and the dates of their

work, I have attempted to exercise some discrimination in the
choice between published values, taking into consideration the
experimenter where known, and so far as available, the methods
used, and, if I had not the original source, the general character
of the book in which his work was transcribed.

Yet, on the theorj^ of probability only, the choice cannot
always have been a happy one. Again, apart from any
reliability' of the figures as I have found or chosen them, several
years of sad experience have demonstrated the fallibility of

compositors and proofreaders. So for all the unknown errors

of fact, of judgment and of type contained herein, I herewith
tender apolog>'. And I shall therefore take it as a favor to be
advised of any errors which the reader may detect, at the same
time asking his indulgence concerning them.
• Thanks are due the many publishers who have so kindly
allowed copying from their publications—who they are can be
seen from the footnote credits through the book. I must also

thank the friends .who have aided me in its preparation:
Dr. Edward Weston, of Elizabeth, N. J., and W. R. Ingalls,

H. A. Megraw and Percy E. Barbour, of the Engineering and
Mining Journal. Mr. IMegraw contributed nearly all the data
on ore dressing and cyanidation and Mr. Barbour, besides
giving some valuable data, checked the page proof from begin-
ning to end. He is doubtless the only man beside the author
who will ever read the entire book. And more than . all is

appreciation due for the many hours of painstaking work by
my wife in compiling and checking the various tables, and in

reading the proofs.

Donald M. Liddell.
Elizabeth, N. J.

February 11, 1916.
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METALLURGISTS AND CHEMISTS'
HANDBOOK

SECTION I

MATHEMATICS

SYMBOLS

The abbreviations given below will be standard in this book.
It has been attempted to make them conform to those recom-
mended by the International Electrotechnical Commission,
and the current practice of the best edited chemical, physical,

and mathematical pubUcations.

A ampere 1; work (the latter also represented by W)
a acceleration
B magnetic flux density
B, b breadth
C coulombs; electric capacity; Centigrade temperature
D electrostatic flux density; depth
d differential

7 coefficient of adiabatic expansion, 1.406 approx.
A heat; increment
d partial differential

E, e electromotive force; lumens per cm.-, foot candles

e base of Napierian logarithms = 2.718281828459
c dielectric constant
F factor of safety; farad'

/ frequency; force; coefficient of friction

G conductance
g acceleration due to gravity = 981 cm. per sec.

H magnetic field; henry

i

H, h height; head "

J? efficiency

7, i current; international candle
i imaginary square root of — 1 ; in older works, amperes
J intensity of magnetization; mechanical equivalent of

heat, the joule^

K susceptibility

L self inductance; lumen -second or -hour
I length^
M mutual inductance

• Recommended by the Internatiooal Electrotechnical Commission for
use after numerical values.

> In dimensional equations, tise L, M, T, for length, mass and time.

1
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m mass^
M permeability ; coefficient of friction
n number of turns in unit of time

01 angular velocity, ^r

P power; pressure

p pressure
IT ratio of circumference to diameter = 3.1415926535897
Q quantity of electricity

R resistance; gas constant
r radius

p resistivity

S reluctance
2 summation «
T absolute temperature; thickness; period
t temperature, time,^ thickness
6, «> temperature centigrade
e temperature absolute
V, V velocity, volt'

A' reactance
ir weight; energy; watt*
w weight
<f> phase displacement
4> magnetic flux

Z impedance

Mathematical Symbols

+ plus, positive Z angle
— minus, negative O parallelogram

± plus or minus D square
= equals or equal to O circle

o equivalent to L right angle

X multiplied by ± perpendicular to
-^ divided by ^ degree, hour
> greater than ' minute, foot

< less than " second, inch

oc varies as va "n"throot
([| }]), symbols denoting a" "ri."th power

numbers enclosed are con- S summation
sidered as one expression ^-^ cycle

A triangle A increment
X ratio of circumference y integral

to diameter d partial differential

log logarithm = identical

logn log to base "n" = approaches
, J a c . ^ ,

00 infinity
a:o::c :d, r = -„ a is to o as

^ ^ CIS tod

1 Recommended by the International Electrotecbnical Commission for uae
after numerical values.
*In dimensional equations, uae L, M , T. for length, ma.<;s and time.
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Trigonometric Abbreviations

sin sine
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The calorie (cal.) is the quantity of heat necessary to raise

the temperature of 1 gram of water from 10°C. to 11°C. (some-
times also defined as "from 4°C. to 5°C.," less commonly still,

from "0=C. to 1°C."
The kilogram-calorie (Cal.) is 1000 times the above.
The pound-calorie is the quantity of heat necessary to raise

the temperature of 1 lb. of water 1°C. (usually from 4°C. to

5°C )

1.0 Cal. = 3.968 B.T.U. = 2.2046 Ib.-cal.

1.0 B.T.U. = 0.252 Cal. = 778 ft.-lb.

1 Ib.-Cal. = % B.T.U. = 0.4536 Cal.

Latent heat of a substance is the number of calories required

t) be absorbed to change 1 gram of the substance from a solid

to a liquid or a liquid to a gas, without change of temperature.
An equal quantity is given out when the reverse change takes
place.

Specific heat of a .substance is the ratio of the quantities

of heat necessary to raise the temperature of equal masses
(if the substance and of water from the same to the same
temperatures.
The equivalent points on the different scales are

0.0° C = 0.0° R.
- 40.0° C = - 40.0° F.
- 25 .

6° R = - 25 .

6° F.

Scale of Temperatures by Color of Iron^

Dark red—hardly visible 970°F. Orange 2000°F.
Dull red 1300°F. Yellow 2150°F.

Cherrv—dark 1450°F. White heat 2350°F.

Cherrv—red 1650°F. White welding 2600'F.

Cherry—light 1800°F. White—dazzling 2800°F.

Standard Thermometric Points^

Ice melts 0.0'C. Zinc solidifies 419. 4°C.

Water boils 100. 0°C. Sulphur boils 444. 7°C.

Aniline boils 184. 1°C. Antimonv solidifies 630. 7°C.

Naphth;ilene boils 218. 0°C. Sodium chloride

Tin solidifies 231. 9°C. solidifies 801. 0°C.

Benzophenone boils 306. 0°C. Silver sohdifies 960. 5°C.

Lead solidifies 327. 4°C. Copper solidifies 1083. 0°C.

Weights and Measures

Linear Measure—English

12 in. = 1 ft.

3 ft. = 1 yd.

b^i vd. or lej^ft. = 1 rod or perch.

320 rods, 1760 yd., 5280 ft. = 1 mile.

.Also a number of miscellaneous units, some of which are obso-

lete, or obsolescent, others are used by certain trades only.

1 For tables of melting points, see pp. 140, 216, 254 and 452. For Se«;er-

cone data see p. 450.
» Afcording to the National Physical Laboratory.
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A point = M2 in.

A line = H2 in-

A barleycorn = 3-^ in.

A palm = 3 in.

A hand = 4 in.

A span = 9 in.

A cubit = 18 in.

A military pace = 30 in.

A link = Koo chain
A knot (nautical mile) = 6086 ft.

A fathom = 6 ft. (United States)

A fathom = 6.08 ft. (British)

1 ell (English) = 45 in.

1 ell (Dutch) = 1 . 094 yd.
1 bolt = 40 yd.
A chain = 4 rods (66 ft.) = 20.11684 meters
A furlong = }4 ™ile
A league = 3 knots
A cable length = 120 fathoms (United States)

A cable length =608 ft. (British)

An International Geographical mile = 3^5° ^t equator =
24,350.3 ft.

A British nautical mile = 6,080.4 ft.

Linear Measure—French^

10 millimeters = 1 centimeter 10 dekameters = 1 hektometer
10 centimeters = 1 decimeter 10 hektometers = 1 kilometer
10 decimeters = 1 meter 10 kilometers = 1 myriameter.
10 meters = 1 dekameter
A micron is Hooo mm. ; a millimicron = Hooo micron;

1 angstrom unit = Ho millimicron

Conversion Table, Linear Measure-

lin. =2.540005 cm. 1 cm. = 0.3937000 in.

1 ft. = . 3048006 m. 1 m. = 39 . 37000 in. = 3 . 28083 ft.

1 yd. = 0.9144018 ra. 1 m. = 1 . 09361 yd. = . 00062 mi.
1 mi. = 1 . 609347 km. 1 km. = 0. 62137 mi. = 3280. 83 ft.

The old French measures and their equivalents are

:

1 toise = 1 .9490366 m. 1 pouce = 2. 706995 cm.
1 pied =0.3248394 m. 1 ligne = 0.225583 cm.

1 toise = 6 pieds = 72 pouces = 864 lignes

* The decimeter, dekameter, hektometer and myriameter are seldom used
as compared with the other measures. When the metric system was de-
vised the meter was supposed to be one ten-millionth part of the quadrant
of the earth's surface. However, owing to inaccuracies of measurement, this
is only approximately true, and the meter must be defined as the length of
a standard bar of platinum kept in Paris, when measured at a temperature
of zero dei;rees centigrade.

2 The foot is defined by United States law as being s**)?^ 93 7 meters.
Therefore in the United States 1 meter = 39.37 in. exactly. The British

equivalent is, however, 1 m. =- 39.370113 in. Apparently the British inch
and the American inch were intended to be equivalent, but are not, though I

nave never heard of any notice being taken of this fact in commercial trans-
actions. The value 1 meter = 39 .37 in. has been used in all equivalents in

this book.
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Square Measure—English

144 sq. in. = 1 sq. ft.

9 sq. ft. = 1 sq. yd.
30.25 sq. vd.\ , ,

272.25 sq.ft. /
=lsq-rod

160 sq. rd.
]

10 sq. ch. I 1 „„,^
4 roods

f

=lacre

43,560 sq. ft. J

640 acres = 1 sq. mi.
A square of flooring or roofing = 100 sq. ft.

A section of land = 1 mi. sq.

A township = 36 sq. mi.
A board foot = 1 ft. square X 1 in. thick

Square Measure—French

100 sq. mm. = 1 sq. cm.
100 sq. cm. = 1 sq. dm.
100 sq. dm. = 1 sq. m. (centar)

100 sq. m. =1 sq. dekameter or ar
100 sq. dekameters = 1 sq. hcktometer (hektar)
lOOsq.hektometcrs = 1 sq. kilometer

Conversion Table, Square Measure

1 centar (1 sq. m.) = 1550 sq. in. = 10.764 sq. ft.

1 ar = 119.6 sq. yd.
1 hectar = 2.47104 acres. 1 acre = 0.40469 hektar
1 sq. cm. = 1.5500 sq. in. 1 sq. in. = 6.4516 sq. cm.
1 sq. meter = 10.76387 sq. ft. 1 sq. ft. = 0.092903 .sq. m.
1 sq. km. = 0.3861 sq. mi. 1 sq. mi. = 2.589998 sq. km.

Cubic Measure—English^

1728 cu. in = 1 cu. ft.

27 cu. ft. = 1 cu. yd.
128 cu. ft =1 cord

50 cu. ft. of square timber = 1 load
40 cu. ft. of unhewn timber = 1 load

A board foot = 1 ft. square X 1 in. thick

Weight—English

Avoirdupois

16 drams (dr.) = 1 ounce (oz.)

16 oz. = 1 pound (lb.)

100 lb. = 1 hundred-weight (cwt.)

20 cwt. = 1 ton
Troy

24 grains = 1 pennyweight (dwt.)

20 dwt. = 1 oz. Tr.
12 oz. Tr. = 1 lb. Tr.

> For French cubic equivalents see under "Measures of Capacity," p. 9.
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The Avoirdupois pound = 7000 grains = 14.5833 oz. Tr.

The Troy pound = 5760 grains = 13. 1657 oz. Avoir,
The Avoirdupois ounce = 437.5 grains = 0.9115 oz. Tr.

1 ton = 29,166.66 oz. Tr.

1 ton = 0.89287 long ton
1 long ton = 1.12 short tons = 2240 lb.

(Troy weight is used in weighing gold, silver, platinum, etc.

In weighing precious stones the metric carat = 200 mg., is

now used.)
1 barrel of flour = 8 sacks = 196 lb.

1 barrel of pork = 200 lb.

1 barrel of cement = 4 sacks = 376 lb.

10 milligrams
10 decigrams
10 dekagrams

Weights-

= 1 centigram
= 1 gram
= 1 hectogram

-French

10 centigrams = 1 decigram
10 grams = 1 dekagram
10 hectograms = 1 kilogram^

100 kilograms = 1 metric quintal
1000 kilograms = 1 metric ton (tonne) or millier

Conversion Table, Weight

1 oz. avoir. = 28.34953 grams
1 lb. avoir. = 453.59 grams
1 ton = 907 . 18 kg.

1 gram = 0.035274 oz. avoir. = 0.00220 lb.

1 kg. = 35.27393 oz. avoir. = 2.2046223 lb.

1 metric ton = 1. 102311 tons = 0.9842 long tons
1 grain = 64.799 mg.
Idwt. = 1.55517 g.

1 oz. Troy =31. 1035 g.

lib. Troy = 0.37324kg.
1 gram = 15.4324 gr. = 0.64301 dwt.
1 mg. = 0.64301 dwt. = 0.03215 oz. Tr,
1 kg. = 32 . 15074 oz. Tr. = 2 . 67923 lb. Tr,

The libra used in Spain, Portugal and Spanish America
differs slightly from the U. S. pound, ranging from 1.012 in

Portugal and Brazil to 1.016 in Cuba and Porto Rico.
The Assay Ton,—A weight used by assayer such that 1 ton

(2000 lb.) : 1 oz. Tr. : : 1 A.T. : 1 mg.; i.e., if the assayer weighs
* When the metric system was devised, it was intended that 1 gram

should equal the mass of 1 cubic centimeter of water at its greatest density
(4°C.) This relation does not exactly hold, and it is necessary to define
the gram as the one-thousandth part of a standard mass of platinum kept
in Paris. At 4°C. the mass of 1 cc. of water differs so slightly from unity
that for nearly all calculations no correction is necessary. A liter was in-
tended to be equal to 1000 cc. but was detined as the volume occupied by a
kilogram of water at 4°C. and 760 mm. pressure. It is therefore equivalent
to 1000 . 027 CO. (de Lepinay, Benoit and Buisson.)
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out assay tons, each milligram of metal recovered represents
1 Trov oz.

1 A.T. = 29.16667 grams
On the English system, ton of 2240 lb.

1 A.T. = 32.66667 grams

Apothecaries Weight

20 grains = 1 scruple O)
3 9 =1 dram (3)
8 3 =1 ounce (5)
12 5 =1 lb. Tr.

Apothecaries Measure
60 minims (ITl) = 1 dram
8 drams =1 fluid ounce
16 fl. oz. = 1 pt.

The apothecaries grain is equal to the Troy grain; the scruple
to % of the pennyweight.
1 gr. = 64.799 mg. 1 S = 1295.98 mg.
1 3 = 3887.94 mg. 1 fl. oz. = 29.5729 milUliters

1 milliliter (1 c.c.) = 0.3381 fl. oz.

Measures of Capacity—English

Dry Liquid
2 pt. =1 qt. 4 gills = 1 pt.

8 qt. =1 peck 2 pt. =1 qt.

4 pk. = 1 bushel 4 qt. =1 gal.

311^ gal. = 1 barrel (bbl.) U. S.

2 bbl. = 1 hogshead (hhd.)
2 hhd. = 1 pipe

42 gal. = 1 bbl. (Standard Oil Co.), formerly
a tierce

84 gal. (2 tierces) = 1 puncheon

A liquid gallon (U. S.) contains 231 .0 cu. in.

An Imperial gallon contains 277.408 cu. in.^

A bushel (U. S.) contains 2150.42 cu. in.

An Imperial bushel contains 2218. 192 cu. in.^

A quarter contains 8 Imperial bu.

Note.—It can be seen that the dry quart contains 673-^

cu. in., while the liquid quart contains only 57^ cu. in. There
is therefore no royal road to reducing dry measures to wet
equivalents, though the ratio is about 1 : IJ (1. 16364).

1 Imperial gal. = 1 . 20094 U. S. gal.

1 U. S. gal. = 0.83268 Imp. gal.

1 Imp. bu. = 1.03151 U. S. bu.
1 U. S. bu. = 0.96945 Imp. bu.
1 gal. (ale or beer) = 1 .2208 U. S. gal.

» Sometimee given 277.274.
» Sometimes given 2219.28.
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Grains per U. S. gal. X 17. 138 = parts per million

Grains per Imp. gal. X 14.285 = parts per million

Parts per million X 0.0583 = grains per U. S. gal.

Parts per million X . 700 = grains per Imp. gal.

Measures of Capacity—French

1000 cu. mm. = 1 c.c.

1000 c.c. = 1 cu. dm. (liter)

1000 cu. dm. = 1 cu. m.

In measuring wood, the cubic meter is called a ster.

10 milliliters = 1 centiliter

10 centiliters = 1 deciliter

10 deciliters = 1 liter

10 liters = 1 dekaliter
10 dekaliters = 1 hectoliter

10 hectoliters = 1 kiloliter

Conversion Tables, Cubic Measiure

1 cu. in. = 16.38720 c.c.

1 c.c. = 0.06102338 cu. in. = 0.0000353 cu. ft.

1 cu. ft. = 0.028317 cu. m.
1 cu. m. = 35.31445 cu. ft. = 1 .30794 cu. yd.
1 cu. yd. = 0.764559 cu. m.

Liquid Equivalents

1 fl. oz. = 29 . 5729 milliliters

1 milliliter = 0.3381 fl. oz. = 0.061025 cu. in.

1 gill = 1 . 1829 deciliters

1 deciliter = 0.8454 gills

1 quart = 0.94633 liters

1 liter = 1.0567 quarts.
1 U. S. gal. = 3.78533 liters

1 dekaliter = 2.6418 gal.

Dry Equivalents

1 pt. = 0.550599 liters

1 deciliter = 0.18162 pt.

1 qt. = 1.10120 liters

inter = 0.90810 quarts
1 pk. =0.08810 hectoliter
1 hectoliter = 2.8378 bu.
1 bu. (U. S.) = 0.352.38 hectoliter
1 kiloliter = 1 . 3079 cu. yd.

Circular and Angular Measure
60 sec. (") => 1 minute (')

60 min. (') = 1 degree (°)

360 deg. (°) = 1 circumference

In the higher mathematics another unit is used:
2ir radians = 1 circumference

.-. 1 radian = 57.2957795° = 57° 17' 44.806"
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Time

60 sec. = 1 min.; 60 min. = 1 hr.; 24 hr. = 1 day
365.242218 solar days = 1 year
29 days 12 hr. 44 min. = 1 lunar month

A seconds pendulum = 39.138 in. = 0.9958 meters in the
latitude of New York at sea level.

The period of a pendulum is ta /-

acceleration due to gravity.

, where I is length, and g the

Miscellaneous

20 units = 1 score
12 units = 1 dozen
12 dozen = 1 gross
12 gross = 1 great gross

1 atmosphere = 14.7 lb. per sq. in. = 29.922 in. of mercurv
33.9 ft. of water

24 sheets = 1 quire
20 quires = 1 ream
2 reams = 1 bundle
5 bundles = 1 bale

C.G.S. Units

The unit of force is the dyne. It is that force which applied
to a mass of one gram will give it an acceleration of one centi-

meter in one second.
The unit of work is the erg. This is the work done by one

erg acting through a distance of one centimeter. The joule
=10' ergs.

A calorie is the heat necessary to raise the temperature of

1 gram of water from 0°C. to 1°C.
A great calorie (Calorie) is the heat necessary to raise the

temperature of 1 kg. of water from 0°C. to 1°C.

Unit
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1

The C.G.S. unit of quantity is the quantity which in one
second is conveyed by a C.G.S. unit of current. The practical
unit is the coulomb, the quantity of current passing per second,
in a current carrying one ampere. It is one-tenth the C.G.S.
unit.

The C.G.S. unit of potential difference or electromotive
force is the potential difference which exists between two points
of a conductor conveying a unit current when one erg of work
is done per second. The practical unit is the volt (see below)
= 108 X the C.G.S. unit.

The C.G.S. unit of resistance is the resistance possessed by a
conductor through which a unit e.m.f. causes a unit current to
flow. The practical unit is the ohm (see below) = 10^ X the
C.G.S. unit.

The C.G.S. unit of capacity of a condenser is that capacity
which gives a unit potential difference between the coatings
when either coating has a unit quantity of electricity. The
farad is the practical unit and equals 10~^ times the C.G.S.
unit.

A Gauss is the unit of field strength, the intensity of field

which acts on a unit pole with a force of one dyne. A unit
magnetic pole has 47r lines of force proceeding from it. It is

equal to gilberts per centimeter length. Gausses = maxwells
-j- area.

A Maxwell is the unit of magnetic flux, the amount of magne-
tism passing through every square centimeter of a field of unit
densitJ^ The weber is 1,000,000 maxwells. If a conductor
cuts a magnetic field so that one volt is induced, 100,000,000
maxwells are cut per second.
A Gilbert is the unit of magneto-motive force, the amount

produced by -p- = 0.7958 ampere turns. The m.m.f. of a coil
47r

is 1.2566 times the ampere turns. <j> = flux in maxwells.
Reluctance is that quantity in a magnetic circuit which limits

the flux under a given m.m.f. It corresponds to the resistance
in the electric circuit.

The Oersted is the unit of magnetic reluctance, it is the
reluctance of a cubic centimeter of an air-pump vacuum.

Inductance is the property of a circuit which opposes any
change in current flowing by inducing a counter-electromotive
force in the circuit at the time the current is changing. The
practical unit is the henry (see below) = 10^ X the C.G.S.
unit.

PRACTICAL ELECTRICAL UNITS

Ohm—unit of resistance. The International Ohm^ is the
resistance offered to an unvarying electric current by a column

'The true ohm ( = 10' electromagnetic C.G.S. units) is apparently the
resistance of 106.29 cm. of mercury 1 sq. mm. in section. The 1884 legal
ohm = 0.9972 int'l. ohms. The B.A. ohm = 0.9866 int'I. ohm.
A joule is almost equal to the energy expended in one second by an

international ampere in an international ohm.
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of mercury at O'C, 14.4521 grams ia mass, of a constant cross

section, and of a length of 106.3 cm.
Coulomb—imit of quantity. Equal to one ampere passinjf

for one second.
Ampere—unit of current. The International Ampere is

the unvarying electric current which, when passed through a
solution of nitrate of silver in water, under certain specifications,

deposits silver at the rate of 0.00111800 grams per second.
International Volt—unit of pressure. It is that electrical

pressure which will steadily produce a one-ampere current

through a one-ampere resistance. For practical use it is y^oA

of the e.m.f. of the Clark cell at 15°C.
International Watt—unit of energj'. It is the energy ex-

pended per second by an unvarying electric current of one
International Ampere under an electric pressure of an Inter-

national Volt.

International Farad—unit of capacity. It is the capacity
of a conductor which is charged to a potential of one volt by
one coulomb of electricity.

International Henry—unit of inductance. It is the induct-
ance in the circuit when the e.m.f. induced in the circuit is

one international volt, while the inducing current varies at

the rate of one international ampere per second.
Ohm's Law.—Current in amperes =

Pressure in volts , E
or / =

Resistance in ohms R
Power in watts equals energy of the current multiplied by the

voltage.
Direct current

—

P (watts = E (volts) X / (amperes)

E^

Alternating current

—

single-phase, P = EI X Power factor

two-phase, P = \/2EI X Power factor (line values; two
wire)

three-phase, P = \/'6EI X Power factor Gine values;
three wire)

Units of Force

1 poundal = 13,825 dynes
1 gram's weight = 981 dynes
1 pound's weight = 444,518 dynes

Work and Energy

1 foot-pound = 1.356 X 10' ergs = 1.356 joules = 0.1383 kilo-

gram-meters
1 watt = 1 joule per second
1 kilogram-meter = 7 . 233 foot-pounds
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Weight, Force or Pressure, Combined with Areas

1 atmosphere = 760 mm. of mercury = 29.9212 in. of mercurv
= 10 3329 m. of water = 33 . 9006 ft. of water
= 1 . 03329 kg. per sq. cm. = 14 . 6969 lb. per sq. in.

1 barie = 1 dyne per sq. cm. = 0.00208870 lb. per sq. ft.

1 foot-pound = 13.82.55 kg. cm. = 3.306 X IQ-^cal.

1 kg. per sq. m. = 14.2234 lb. per sq. in.

1 lb. carbon oxidized to CO2 = 14,544 heat units.

Table of Equivalent Values for Power Expressed in
Various English and Metric Units

Watt Kw.

^o.
per seel „ „„„ 'per sec.

per sec.;

1 W & t t IB 1 I i

equal to. . .
I

1.000;0.001000,0.00134;o. 00136
1 kw. is equal
to 1000.0

1 English
(and Amer-
ican) h.p. .

.

1 Continen-
tal h.p

1 kg.-m. per
sec

1 ft.-lb. per
sec

1 kg.-cal, per
sec

1 B.t.u. per
sec 1055.0 1.055 |0.415 |0.422

746.0

735.0

9.81

1.000 1.34 1.36

0.746 11.000 il.OlS

0.735 0.985 ^1.000

0.00981 0.0131 0.0133

I

1.356:0.00136 0.00182 0.00185

4200.0 4.20 5.61 5.70

0.102

102.0

76.0

75.0

1.000

0.138

427.0

107.6

0.737 0.000238 0.000947

737.0 0.238 0.947

550.0
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catty (China. Str. Sett.)

cattj' (Japan)
cattv (Java)
catty (P. 1.)

catty (Sumatra)
centaro (Central America)
chih (China)
cho (Japan)
cuadra (Argentine)
dessiatine (Russia)
doli (Russia)
fanega (Argentine)
fen (China)
fen (sq.) (China)
frasco (Aigentine)
funt (Rufcsia)

go (Japan)

hao (China)
sq. hao (China)
jo (Japan)
ken (Japan)
kin (Japan)
koku (Japan)

kwan (Japan)
legua (Brazil)

h (China)
Hang (China)
lyi (China)
manzana (Costa Rica)
marc (Bolivia)

maund (Bengal)
maund (Bombay)
maund (Madras)
meou (China)
mil (Denmark)
milla (Nicaragua, Honduras)
momme (Japan)
pie (Argentine)
pie (Spainj
pikul (Borneo, Java)
pikul (China, Str. Sett.)

pikul (Japan)
pikul (F. 1.)

pipa (Brazil)

pood (Russia)
pulgada (Argentine)
quintal (Argentina)
quintal (Bolivia, Chile, Co-
lombia, Domin. Rep., Spain)

1 quintal (Brazil)

1.3331b.
1.323 1b.

1.356 1b.

1.39 1b.

2.1181b.
4.2631 gal.

1.049867 ft.

357.916 ft.

4.2 acres
2 . 6997 acres

. 685 grains
3.89 bu.
0.12598 in.

0.015181 acres
2 . 5096 quarts
0.9028 lb. = 409 grams
1.270.506 gill Uquid =
0.0198517 peck dry
2.5715 ft.

0.00015181 acres
3.31404 yd.
1.983427 yd.
1.32277 1b. Avoir.
39.7033 gal. hquid =
4.96291 bu. dry
8.26733 1b. Avoir.
4. 102 miles
0.012598 in.

1.31561 oz. Avoir.
0.0015181 acres
1 . 625 acres
0.507 1b.

82 . 2855 lb.

28 1b.

25 1b.

0.15181 acres
4.68 mi.
1.1493 miles
2.4123045 dwt.
0.9478 ft.

0.91407 ft.

135 . 63M lb.

133H lb.

132.277 1b.

139.485 1b.

1.648 quarts

36.11281b.
0.947 in.

101.281b.

101.4 1b.

129.5261b.
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1 quintal (Costa Rica)
1 quintal (Syria, Turkey)
1 ri (Japan)
1 ri (marine) (Japan)
1 sagene (Russia)
1 sashen (Russia)
1 shaku (Japan)
1 sheng (China)
1 sho (Japan)

1 sun (Japan)
1 tan (Japan)
1 tch'e (China)
1 tchetvert (Russia)
1 to (Japan)
1 ts'onen (China)
1 tsubo (Japan)
1 vara (Argentine)
1 verchok (Russia)
1 verst (Russia)
1 zolotnik (Russia) •

= 101.465 1b.

= 125 lb.

= 2.440338 mi.
= 1 . 1506873 mi.
= 7 ft.

= 7 lb.

= 11.9305424 in.

= 2.7354 liq. gal.

= 1.5881325 qt. liquid =
0.1985166 pecks drv

= 1.1930542 in.

= . 24507 acre
= 12.598 in.

= 117,600 sq. ft.

= 3.9703313 gal. liquid
= 1.2598 in.

= 3.953829 sq. yd.
= 34. 1208 in.

= 1.75 in.

= 3,500 ft.

= 658 grains

UNITED STATES AND FOREIGN MONEY
(The following figures are based on the gold standard only

and do not include e.xchange.)

Argentina Cgold)
Argentina (paper)
Austria
Bolivia
Brazil
Ceylon
Chile
China
Columbian Rep'b. 1 peso
Costa Rica 1 colon
Denmark
Ecuador
Egypt

1 peso
1 peso
1 krone
1 boliviano
1 milreis
1 rupee
1 peso

= SO. 9648 = 100 centavos
= 0.4246 = 100 centavos
= 0.20.3 = 100 holler
= 0.3893 = 100 centavos
= 0.5463 = 1000 reis
= 0.32443 = 100 cents

0.365 = 100 centavos
1 Haikwan tael = IW oz. avoir, of silver = 10 mace

= 1.00
0.4654

1 krone = 0.268
1 Sucre = 0.4867

1 pound (£E) = 4.943

= 100 centavos
= 100 centavos
= 100 ore
= 100 centavos
= 100 piastres

France
Germany
Great Britain
Greece
Guatemala
Haiti
Honduras
Hongkong
Hungary
India
Italy
Japan
Mexico
Netherlands
Nicaragua
Norway
Panama

1 franc
1 mark
1 pound (£)
1 drachma
1 peso
1 gourde
1 peso
1 dollar
1 krone
1 rupee (Rs.)
1 lira

1 yen
1 peso
1 guilder
1 peso
1 krone
1 balboa

240 pence!

1000 milliemes
0.193 = 100 centimes
0.238 = 100 pfennig
4.8665 = 20 shillings =
C.193 =100 lepta
0.965 = 100 centavos
0.965 = 100 centimes
0.3979 = 100 centavos
0.463 = 100 cents = 1000 cash
0.2026 = 100 filler

0.32443 = 16 annas = 192 pies'
0.193 = 100 centesimos
0.498 = 100 sen = 1000 rin
0.498 = 100 centavos
0.0402 = 100 cents
0.965 = 100 centavos
0.268 = 100 ore
1 . 00 =2 silver pesos
200 centisinios
4.8665 = lOdinero = 100 centavosPeru 1 libra (£P)

1 5 shillings = 1 crown; 21 sh. = 1 guinea; 4 farthings =

2 A lakh = 100,000 rupees; a crore = 10,000,000 rupees.
1 penny (d.).
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0.50 = 100 centavos
1.08 = 1000 reis

0.193 = 100 bani
0.515 = 100 kopecks
0.3978 = 100 centavo3
0.193 = 100 centisinios
0.5C77 = 100 cents
0.268 = 100 ore
4.40 = 100 piasters = 4000 paraa
1.0.342 = 100 centavos
0.1930 = lOOcentimos

Philippine
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This formula will serve for the solution of any power what-
ever, and will, in general, ser\'e to indicate the process of the
extraction of roots. However, for all practical work on roots
and powers, use the table of logarithms on p. 42.

log a" = k log a
k ,~ log a

log Vo = -17—

Permutation, Choice and Chance

The number of different arrangements (or permutations)
of n different things taken altogether is factorial n.

{n\ or n_= n{n - 1) (n - 2) ... 3 X 2 X 1)

The number of different selections (or combinations) of n
different things taken r at a time is:

nin - 1) (n - 2) . . . (n - r + 1)

The number of selections of n things taken r at a time is the
same as the number of selections of n things taken n — r at a
time.
The number of selection of n things taken r at a time is

greatest when : If n is an odd number,

n - 1

if n is an even number
n

The chance of an event happening is expressed by the frac-
tion of which the numerator is the number of favorable ways,
and the denominator the whole number of ways, favorable and
unfavorable.

If there are several events of which one, and only one can
happen, the chance that one will happen is the sum of the
respective chances of happening.

Progression

The chief "progressions" are arithmetical, geometrical, and
harmonic. They are series of numbers in which a common law
connects the successive terms.

Arithmetical progression in a series of numbers consists in a
constant difference between the successive terms, as

1, 3, 5, 7, 9, . . .

Let a = first term ;^ = last term ;rf = the common difference;
n = the number of terms; s = the sum of the terms.

7 1 / i> J 2s s
, {n — l)d 1 J ,Z=o-}- {n -l)d =— - a =- + i

—

^~- = --i^d±
n n z z

yJ2ds + (« -
2)
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5 = ^[Sa + {n - l)dj = ^{l + a) =
^[ 21- (n - l)d] =

I + a (d + I - a\

2 \ d )

1 / i\ J
2s , 8 (n — l)d 1 , ,

2ds

d = i^^ = 2(g - an) ^ P - g' ^ 2(nZ - s)

n — 1 n{n — 1) 2s — Z — a ~ n(n — 1)

2s _ d -2a ± y/{2a - d)' + %ds ^
2d

~

2Z + d ± \/ (2Z + dy - Ms
2d

Geometrical progression in a series of numbers consists in a
constant ratio existing between the successive terms, as

4, 8, 16, 32, . . .

Let a = first term; I = last term; m = any (middle) term;
s = sum; r = ratio or constant multiplier.

a + {r - l)s (r - 1)8^-'
t = ar" 1 = = —

r r" '

m = ar'"~^

a(r'' — 1) rl — a -v//" — -s/a" ^J"" ~ '

1 r - 1 n-^- _ „-l^
(r - l)s

r/ - (r - 1)8

= ""V4
=

s , s — a 8
, Z _

r" r H = r" , r""' H -, = O
a a s — I s — I

Harmonic series is one in which the numbers are the recipro-
cals of those forming an arithmetical progression. Such series

are of small practical value, and such questions as arise in them,
when solvable, are best answered by inverting the series, and
solving as a problem in arithmetical progression. In ancient
times a fictitious importance was attached to them owing to the
fact that a series of rods of uniform cross-section having lengths
in harmonic progression forms a musical scale, hence the name.

INTEREST, ANNUITIES, SINKING FUNDS
Simple Interest

If the principal be represented by P
the interest on SI for one year by r

the amount of SI for one year by R
the number of years by n
the amount of P after n years by A
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Then R = I +r
Simple interest on P for one year = Pr
Amount of P for one year = PR
Simple interest on P for n years = Pnr
Amount P for n years = P(l + nr)

that is
_

A = P(l + nr)

When any three of the quantities A, P, n, r, are given, the
fourth maj^ be found from this last equation.

Since P will in n years at r interest amount to A, P may be
considered equivalent in value to A at the end of n years; in

other words, P is the "present worth" of A.

Compound Interest

When compound interest is reckoned payable annually.
The amount of P dollars in

1 year is P(l + r) = PR
2 years is PP(1 + r) = PR^
n years = Pi?"

or A = PR" or P = 4-

When compound interest is reckoned semi-annually.
The amount of P dollars in

K year is p(l+^)

1 year is p(l+^V
n years, A = ^ ( ^ + o")

When the interest is payable quarterly

When the interest is payable monthly(r \ 12n

And when the interest is payable q times a year

Sinking Funds
If the sum set apart at the end of each year to be put at

compound interest be represented by S, then, the sum at the
end of the

first year = S
second year = S + SR
third year = S + SR + SR"^

nth. year = S + SR + SR^ . . .
57?"-i

A = S + SR + SR^ . . . + 5i2»-i

.-. AR = SR + SR^ . . . + SR'^-^ + SR"'
:. AR - A = SR'^ - S

^ ^ 5(^^^ ^ ^^
(R" - 1)

R — 1 r
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Compound Interest and Discount Tables
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Compound Interest and Discount Tables
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Annual Intestment Table^
The sum of money which must be invested at the beginning of each year

for a period of 1 to 50 years to amount to SIOOO at compound interest.

Years
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AMORTIZATION AND DEPRECIATION FORMULAS'
Amount of an annuity which at the end of n years will

amortize a capital of SI (interest on annuity payments and on
original capital figured at the same rate).

j-(l _|_ j-)n

Annuity =
^ ^ ^^ _ ^

-Sl

Present value of an annuity of SI per year, payable for n
years, at the end of the year.

Present value = — 1 — -n—;—r- SI
r I (1 + O-J

The sum produced at the end of n j'ears by placing annually
$1 at r interest, each dollar being deposited at the beginning of

the year.

Sum = ^—^-'"[(l + r)" - 1]-S1
r

Present worth of SI payable at the end of n years.

SI
Present worth = -jz—;—r-

(1 + r)"

Value at the end of n vears of SI at compound interest.

Value = (1 + r)»-Sl

AREAS
Triangle = base X K altitude

Triangle (let a, b, and c be the sides and 2s = a + b + c)

Area = 's/sis — a) {s — b) (s — c)

Trapezoid = J^ sum of the bases X the altitude

Circle = irr^

Sphere = 4xr2 = wd^
Cylinder (total surface) = 2irr^ + 2irrh {h = height or altitude)

Cylinder (cylindrical surface only) = vdh = 27rr/i

Cone = 7rr2 + 2Tr(}4Vr'- + h^)

Regular polygons—w'^here side = s, or r = apothem (radius of

inscribed circle)

5 sides (pentagon) 1 . 720477s2 = 3 . 632717-2

6 sides (hexagon) 2.598076s2 = 3.46410r2
7 sides (heptagon) 3.633912s2 = 3.37101r2
8 sides (octagon) 4.828427s2 = 3.31371^2
9 sides (nonagon) 6.181824s2 = 3.27573r2
10 sides (decagon) 7. 6942098= = 3.24920r2
11 sides (undecagon) 9.36.5640s2 = 3.22993r2
12 sides (duodecagon) 11.196152s2 = 3.21539r2

for n sides, A = -s^ cot = nr^ tan
4 n n

> From "Annuaire pour 191.5, Bureau dea Longitudes." See p. 23 for bond
interest formula.
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T.\nLE OF Regular Polygons

Name of
polygon

Area
side <= S
A = cS^

Radius of

ciroum-
scribed circle

£11

ca*^ II

u
Angle
at

center

Angle
between
adjacent
sides

Triangle..

.

Square. . .

.

Pentagon..
Hexagon.

.

Heptagon.
Octagon..

.

Nonagon.

.

Decagon .

.

I'ndecagon
Duodecagon

0.4330127 2
1.0000000 1

1.7204774 1

2.5980762 1

3.G339124 1

4.8284271 1

6.1818242 1

7.69420881
9.3656399 1

11.1961524 1

I

,000 0.

,414 0.

,238,0.
,115 1.

,110 1.

,083ll.
,064|1.
,051 1.

,0421.
.037 1,

57730.
7071 0,

8506 0,

0000 ,

152 4 1.

3066 1,

4619 I

6180 1,

774711,
9319 1

I

2887
5000
6882
8660
0383
2071
3737
5388
7028
8660

1.7320 120° 60°
1.4142 90° 90°
1.1756 72° 108°
1.0000 60° 120°
0.8677 51°26' 128°34'
0.7653 45° 135°
0.6840 40° 140°
0.6180 26° 144°
0.5634'32°43' 147°16'21'

0.51761 30° 150°

T.\BLE OF THE REGULAR POLYHEDRONS WHOSE EdGE IS

Unity
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a

Sector.—Area = }4hr - i^r- ^
360

9 = angle in degrees
h = length of arc

Spandrel.—Area = 0.2146r2 = O-lOySc^^

Parabola.—Area = %sh

I = length of curved line = periphery — « = oT

(Veil + c + 2.0326 X log (V'c + Vl+c)

(<— s—*\ where c = I
—

I

Ellipse.—Area = irab

64

Circum. = Tr(a + b)
\b +aj

[close approximation]

Sector of Sphere.—Total surface = -^ (4/i + c)

;

c = 2\/{2hr - h-').

,^ ,
2Trr'^h 2irr-

Volume =
/ •Y/4r2 _ (,2\

\
2—}3 3

Segment of Sphere.—Spherical surface

Total surface = 2Trrh + ~c^ = |(c2 + 2h^)

Sh
Volume = ttAm r — n) = -n-h-i

c = 2\/2hr - h^

Frustrum of Pyramid.— (Area of top and bottom,
a and a' respectively).

Volume = ^(o + a' + ^aa')

Ellipsoid of Revolution.

—

Volume = — (product

of the three radii).

Paraboloid of Revolution.—Volume = wr^h

Curved surface =
^ ^, [(r^ + ih^)* - r«]
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Volumes

Cylinder = irr-h = -d-h

Sphere = -r- = -xr'
6 3

Cone = }ri-n-r-h {^^ the vol. of the containing cylinder)
Pyramid = y^ base X altitude

TRIGONOMETRY
The following formulas refer to Fig. 1.

sin



cot a =»
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sin (x + y)

cos (x - y)

sin (j - y)

cos (x + y)

sin (x + y) sin (x — y)

cos (x + y) cos (x — y)

sin 2x

tan 2x

cot 2x

sin J^x

cos y^x

tan >^x

cot y^x

sin 3x
cos 3x

tan 3x

_ t»n X + tan y
1 + tan X tan t/

_ tan X — tan y
1 — tan X tan y

= sin^x — sin^j/ = cos- y — cos- x

= cos^ X — sin- y- = cos* y — sin- x

= 2 sin X cos x

= 2 cos^x — 1 = 1—2 sin* x

2 tan X

1 — tan-

X

cot' X — 1

2 cot X

-4

COS X

1 -h COS X

1 + cos X

sin X

1 — cos X

= 3 sin X — 4 sin' x
= 4 cos' X — 3 cos X

_ 3 tan X — tan' x
~ 1-3 tan* X

Solution of Triangles

The solution of the right triangle is readily deduced from the
functional equations applying to Fig. 1,

The solution of oblique triangles is given in the following

formula:

a + h ^ sin A + sin ^ ^ tan yj {A + B) ^ cot }r^C

a - b
~

sin A - sin B ~ tan }^ {A - B) tan }4iA - B)

a» = 62 4- c* - 26c cos yl or c* = o* + 6* - 2ac cos C
6* + c* - a* „ o* -f 6* - c*

cos A = —. or cos C =
26c 2a6



MATHEMATICS 31

sin ^A = ^^+ b - c) (a - b + c)

46c
'4{s — g) (s — b)

6c

1/ A his — a)
cos y,A = yj^^

tan UA - * /
(s - 6) (s - c) / 6c

V

6c

(s - 6) (s' - c)

6c \ 6c

Area = a6 sin C _ be sin A _ ac sin 5 _ 6" sin C sin ^
2 ~ 2 ~ 2 ~ 2 sin 5

\/s(s — a) {s — 6) (s — c)

area
Radius of inscribed circle =

}^ perimeter

(product of the sides)

(four times area)
Radius of circumscribed circle

Exact Numerical Value of the Functions of Some Angles

Angle



32 METALLURGISTS AND CHEMISTS' HANDBOOK

Squares, Cubes, Square akd Cube Roots of Numbers from
I TO lOOO

No.
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Squares, Cubes, Square and Cube Roots of Numbers from
I TO lOOO

No.
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i)yL"AR£S, Cubes, Square akd Cube Roots of Numbers from
I TO lOOO

No
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Squares, Cubes, Square and Cube Roots of Numbers from
I TO looo

No.
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Squases, Cubes, Square and Cube Roots of NtrMBERS from
I to iooo

Na
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Squares, Cubes, Square and Cube Roots of Numbers from
I TO lOOO

No.
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Squares. Cubes, Square and Cube Roots of Numbers from
I TO lOOO

No.
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Squares, Cubes, Square and Cube Roots of NtrMBERs from
1 to iooo

No.
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Squares, Cubes, Square and Cube Roots of Numbers from
I TO lOOO

No.
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LOGAKITHMS OF NuMIJEHS

\



MATHEMATICS

Logarithms of Numbers.—Concluded

43

X



44 METALLURGISTS AND CHEMISTS' HANDBOOK

Natural Sines and Cosines

Note.—For cosines use right-hand column of degrees and lower line of tenths.

Deg. "0 .0 "0 .1
I

"0 .2 "0 .3 "0 .4 "0 .5 "0 .6 "0 .7 "0 .8 '0 .9

0° 0.0000 0.0017 0.0035 '0.0052 0.007C 0.0087 0.0105 0.0122 0.0140 0.0157
.0175 .0192 .0209 .0227 .0244 .0262 .0279 .0297 .0314 .0332

.0349 .0366 .038410 .0401 ;0 .0419 .0436 .0454 .0471 10 .0488 .0506

.0523 .0541 .0558:0 .0576 .0593 .0610 .0628 .0645 .0663 .0680

.0698.0 .0715 .0732.0 .0750'0 .0767^0 .0785 .0802 .0819.0 .0837 .0854

.0872 .0889 .0906 0.0924 .0941 .0958 .0976 .0993 .1011 .1028
0.1045 0.1063 0.1080 0.1097 0.1115 0.1132 0.1149 0.1167:0.1184'0.1201
0.1219 0.1236 0.1253 0.1271 0.1288 0.1305 0.1323 O.l'340'0.1357:0. 1374
0.1392 0.1409 0.1426 0.1444 0.1461 0.1478 0.1495 0.1513 0.1530 0.1547
0.1564 0.1582 0.1599 0.1616 0.1633 0.1650 0.1668 0.1685 0.1702^0 .1719

0.1736 0.1754
0.1908 0.1925
.2079 .2096

.2250 .2267

0.2419 0.2436

0.2588 0.2605 0.

.2756 .2773 .

.2924 .2940

0.3090 0.3107 0,

0.3256! 0.3272 0,

,1771 0.1788 0.1805
,1942 0.1959 0.1977
,2113 0.21.30 0.2147
2284 0.23r0 0.2317
,2453 0.2470 0.2487

I
I

2622 .2639 .2656

2790 .2807 .2823

2957,0.2974 0.2990
3123 0.3140 0.3156
3289 0.3305 0.3322

0.1822 0.1840 0.1857,0.1874 0.1891
0.1994 0.2011 0.2028 0.2045 0.2062
0.2164 0.2181,0.2198 0.2215 0.2232
.2334 .2351 J2368 .23850 .2402

0.2504 0.2521 0.2538 0.2554!o.2571III
.2672 .2689,0 .2706 .2723 .2740
.2840 .2857 .2874 .2890 .2907
.3007 .3024 .3040 .3057

J

.3074
0.3173 0.3190 0.3206 0.3223 0.3239
.3338 .3355:0 .3371 .3387|0 .3404

0.3420 0.3437 0.3453 0.3469 0.3486 0.3502 0.3518,0.3535 0.3551 0.3567
0.3584 0.3600,0.3616 0.3633 0.3649,0.3665 0.3681,0. 3697, 0.3714!o. 3730
0.3746 0.3762 0.3778 0.3795 0.3811 0.3827 0.3843;0.38.59 0.38750.3891
0.3907 0.3923 0.3939 0.3955 0.3071 0.3987 0.4003 0.4019 0.40.35,0.4051

0.4067,0.4083:0.4099,0.4115 0.4131 0.4147,0.4163 0.4179 0.4195!o.4210

0.5000 0.5015
0.5150 0.5165
0.5299 0.5314
0.5446 0.5461
0.5592 0.5606

I

0.5736 0.5750
.5878 .5892

0.6018 0.6032
0.61570.6170
0.6293 0.6307

0.5030 0.5045
0.5180 0.5195
.5329 .5.344

0.5476 0.5490
0.5621,0.56.35

I

0.576410.5779
0.5906,0.5920,
0.6046 0.6060,
0.6184 0.6198,

0.6320 0.6334,

0.5060 0.5075
0.5210,0.5225
0.5358 0.5373
0.5.505 0.5519
0.5650 0.5664

!

.5793 .5807

.5934 .5948

0.6074 0.6088
0.6211 0.6225

1

0.63470.63611

0.5090
.5240

0.5388
0.55.34

.5678

0.582l'o
.596210

0.6101
0.6239
0.6374

.5105

.5255

.5402

.5548

.5693

.5835,0

.5976

.61150

.6252

.6388 :0

.51200

.5270

.5417

.5563

.5707

.5850,0

.5990

.61290

.6266

.6401

.5135

.5284

.5432

..5577

.5721

.5864

.60C4

.6143

.6280

.6414

0.6428 0.6441 '0.6455, 0.6468 .6481 .6494 .6508 0.6521,0.6534 0.6547
.6561 .6574 .6587,0 .6600;o .6613 .6626,0 .6639,0 .6652 .6665 .6678

.6691 .6704 .6717 .6730,0 .6743 .67.56,0 .6769,0 .6782 .6794,0 .6807

.6820 .6833 .6845 .6858 .6871 .6.884 .6896 .6909 .6921 .6934

0.6947 0.695910.6972 0.6984 0.6997 0.7009 0.7022 0.7034 .7046 .7059

'1.0 "0.9 "0.8 "0.7 "0.6 "0^ "0.4 '0.3 '0.2 °0 .1 Deg.
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Natural Sines and Cosines.—Concluded
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Deg. °0 .0 "0 .1 °0 .2 "0 .3 "0 .4 "0 .5 °0 .6 °0 .7 ''0 .8 "0

.7071 .7083 .7096,0 .7108 .7120 .7133:0 .7145 .7157 .7169 .7181

.7193;0 .7206 .7218,0 .7230 .7242 .7254 .7266lo .7278 .7290 .7302

.7314;0 .7325,0 .7337 .7349 .7361 .7373 .7385 .7396 .7408 .7420

.7431 .74430 .7455 .7466' .7478:0 .7490:0 .7501 lO .7513 .7524!0 .7536

.7547 .7559 .7570 .7581 iO .7593,0 .7604 .7615,0 .7627iO .7638[0 .7649

.7660 .767210 .768310 .7694]o .770510 .7716;9 .7727iO .7738 .7749 .7760

.7771 10 .7782,0 .7793.0 .7804 .7815 .7826,0 .783710 .7848 .7859 .7869

.7880,0 .7891 .7902 .7912;o .7923;0 .7934,0 .7944 .7955 .7965 .7976

.7986
,

.7997 , .8007 ,
.801 8 , .8028 , .8039 ,

.8049 .8059 .8070 .8080

.8090:0 .8100 .8111
.8121J0

.8131 .8141 .8151 .8161 .8171 .8181

0.8192 0.8202'o.8211 0.822110.8231 0.8241,0 .825l!0.82610.8271 0.8281
0.8290'0.8300 0.8310 0.8320 0.8329'0.8339 0.8348'0.8358 0.8368'0.8377
.8387

'
.8396 .8406 .8415 , .8425

!
.8434 .8443

'
.8453 .8462 ! .8471

.848C'0 .8490:0 .8499 .8508 .8517 .8526:0 .8536 .8545 .8554:0 .8563

.8572'0 .8581 .8590 .8599 .8607i0 .8616,0 .8625|0 .8634 .864310 .8652III

.8660 .8669 .8678,0 .8686 .8695:0 .8704:0 .8712,0 .8721 .8729 .8738

.8746 .8755,0 .8763,0 .8771 ,0 .8780 .8788,0 .8796 .880510 .881310 .8821

.8829 .8838,0 .8846 .885410 .8862 .8870,0 .8878:0 .8886,0 .88940 .8902

.8910,0 .8918,0 .8926,0 .89341 .8942,0 .8949,0 .895710 .8965 .8973' .8980

.8988 .8996,0 .9003 .9011 .9018 .9026 .9033 .9041 .9048l0 .9056

.9063 .9070 .9078 .9085' .9092,0 .9100 .9107|0 .911410 .9121 'o .9128

.9135I0 .9143 .9150 .9157:0 .9164 .9171 .9178 .9184!o .9191,0 .9198

.9205'0 .9212 .9219 .9225:0 .9232 .9239,0 .9245 .925210 .9259 .9265

.9272^0 .9278 .9285:0 .9291 ]0 .9298 .9304 .931
1
10 .9317,0 .9323 .9330

.9336 .9342IO .9348 .9354 .936r0 .9367,0 .9373 .9379 .9385 .9391

0.9397 0.9403 0.940910.9415 0.9421 0.9426,0.9432,0.9438,0.9444 0.9449
.9455 .9461 .9466;0 .9472 .9478,0 .9483 .9489 .9494 .9500 9 .9505

.951 1 ,0 .9516 .9521 .9527 .9532,0 .9537 .9542 .9548 .9553' .9558

.9563 .95681 .9573 , .9578 ,
.9583 .9588 .9593 ,

.9598
' .9603 .9608

0.9613'0.9617 0.9622 0.9627 0.9632 0.963610.9641 0.9646 0.9650 0.9655

I
I

I

.9659 .9664: .9668 .967310 .9677 .9681 .9686 .9690,0 .9694 .9699
0.9703 0.97070.9711 10.9715, 0.9720,0.9724, 0.9728|0.97320.9736 0.9740
0.9744 0.9748 0.975l!0.9755;0.9759 0.9763 0.976710.9770,0.9774 0.9778
.9781 .9785 .9789 .9792 .9796,0 .9799 .9803,0 .9806,0 .9810 .9813

.9816 .9820 .9823,0 .9826,0 .98290 .9833,0 .9836 .9839 .9842 .9845

.9848 .9851 .9854 .9857 .9860 .9863 .98660 .9869*0 .9871 .9874

.9877 , .9880 1 .9882 .9885 , .9888 1 .9890 .9893 :

.9895
' .9898 .9900

.9903,0 .990510 .9907l0'.9910:0 .9912 .9914 .9917:0 .9919 .9921 .9923

.9925,0 .9928: .9930 .9932 .9934 .993610 .9938 .9940 .9942 .9943

.9945 .9947:0 .994910 .9951|0
.9952J0

.9954 .9956] .9957 jO .9959 .9960

.9962 .9963'o .9965 .9966 .9968!o .9969 .9971 .9972,0 .9973 .9974

.9976,0 .9977,0 .9978! .997910 .9980:0 .9981 .9982 .998310 .9984 .9985

.9986
:

.9987 .9988
1

.9989
i

.9990 1 .9990 , .999 1
; .9992 .9993 .9993

.9994:0 .9995 .999510 .9996,0 .999610 .9997,0 .9997 .9997 .9998,0 .9998

0.9998 0.9999 0.9999 0.9999:0.9999 1.000 1.000 1.000 1.000 1 .OCO

1 .0 '0 .9 "0 .8 "0 .7 "0 .6 "0 .5 °0 .4 "0 .3 "0 .2 °0 .1 Deg

Note.—For cosines use right-hand column of degrees and lower line of tenths.
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Natural Tangents and Cotangents
Note.—For cotangents use right-hand column of degrees and lower line of

tenths

Deg °0.0 °0.1 °0.2 °0.3 °0.4 °0.5 "O.G "0.7 °0.8 °0 .9

.OOOO'0 .0017 .0035 .0052 .0070
0.0175 0.C192 0.0209 0.0227,0.0244
.0349 .0367 .03S4 .0402 .0419

.0524 .0542 .0559 .0577 .0594

.008710 .0105 .0122 .0140 .0157

.0262i0 .0279,0 .0297 .0314 .0332

.0437 .0454 .0472 .0489|0 .0507

.0612J0 .0629 .0647 .0664 .06^:2

!0699,0 !0717 .'0734 !o752,0 !o769,0
."0787J0

!oS05|0 !o822 !oS40!o !0857

0.0875 0.0892 0.0910 0.0928 0.0945 0.0963'o.0981 'o 0998 0.101 GO.1033
0.10510.1069 0.1086 0.1104 0.1122,0.1139 0.1157,0.1175 0.1192:0.1210
0.1228 0.1246 0.1263 0.12S1 0.1299 O.1317i0 .1334 0.1352 0.13700.1388
0.1405 0.1423 0.1441 0.1459 0.1477 0.1495 0.1512 0.1530 0.1548 0.1566
.1584|0 .1602 .1620,0 .1638^0 . 1655^0 .1673 .1691 .1709 .1727,0 .1745

.1 763 .1781 'o .1799 .1817 .1835'o .1853'o .1871 .1890 .1908'o .1926

.1944 .1962 .1980 .1998:0 .2016 .2035,0 .2053 .2071 .2089,0 .2107
0.2126 0.2144 0.2162 0.2180 0.2199 0.22I7;0.2235 0.2254 0.2272 0.2290
0.2309 0.2327 0.2345 0.2364 0.2382 0.2401,0.2419 0.243S 0.2456 0.2475
.2493 .2512 .2530 .2549,0 .2568,0 .2586 .2605 .2623 .2642 .2661

.2679'o .2698 .2717,0 .2736,0 .2754 .2773 .2792 .2811 .2830 .2849

.2867 , .2886
, .2905 , .2924 ;

.2943 .2962
,

.298 1
,

.3000 .301 9 , .3038
.3057 .3076,0 .3096 .3115 .3134 .3153 .3172 .3191 .321 1 10 .3230

0.3249 0.3269 0.3288 0.3307 0.3327 0.3346,0.3365 0.33S5 0.3404 0.3424
.3443,0 .3463 .3482 .3502 .3522 .3541 ,0 .3561 ^0 .3581^0 .SGOOjO .3620

0.3640 0.3659,0.3679 0.3699 0.3719 0.3739 0.3759 0.3779 0.3799 0.3819
.3839 .3859 .3879 ,0 .3899

, .391 9 i .3939
,

.3959 .3979 .4000 .4020
0.40400.4061 0.4081 0.4101 0.4122 0.4142 0.4163 0.41S3 .4204 0.4224
.4245 .4265 .4286 .4307,0 .432710 .4348,0 .4369 .4390 .441 1 .4431

.4452 .4473 .4494 .4515 .4536,0 .4557,0 .4578 .4599 .4621 .4642

.4663 .4684 .4706 .4727 .4748 .4770,0 .4791 .4813 .4834 .4856

.4877 .4899 .4921 ,0 .4942 .4964.0 .4986; .5008,0 .5029,0 .5051 ,0 .5073

.5095 .5117 .5139 .5161 .5184 .5206 .5228 .5250 .5272 .5295

.5317 .5340 .5362 .53.S4 .5407i0 .5430,0 .5452 .5475 .5498,0 .5520

.5543,0 .5566 .5589,0 .501210 .5635,0 .5658,0 .5681 ,0 .5704 .5727,0 .5750

.5774 .5797,0 .5820 .5844 .5867:0 .5890,0 .5914 .5938 'o .5961 10 .5985

.600910 .6032 .6056 .6080 .6104 .6128,0 .6152;o .6176 .6200 .6224

0.6249 0.6273 0.6297 0.6322 0.6346 0.6371 [0.6395,0.6420 0.6445 0.6469
.6494 .6519 .6544|0 .6569 .6594 .6619,0 .6644 .6669 .6694'0 .6720

.6745 .6771 .6796^0 .6822,0 .6847j0 .6873 .6899 .6924^0 .6950 .6976

.7002 .7028,0 .7054 .7080'0 .7107 .7133 ,0 .7159,0 .7186 .7212!o .7239

.7265 .7292 .7319 .7346 .7373 .7400; .742710 .7454 .7481 .7508

0.7536 0.7563 0.7590 0.7618 0.7646 0.7673 0.7701:0.7729 0.7757 0.7785
0.7813 0.7841 0.7869 0.7898 0.7926 0.7954 0.7983 0.8012 0.8040,0.8069
0.8098 0.8127 0.8156,0.8185 0.8214 0.824310.8273 0.8302 0.8332 0.8361

I I
I I

I I I

0.8391 0.8421 0.8451 0.8481 0.8511 0.8541,0.8571 0.8601,0.8632 0.8662
.8693 .8724 .8754 .8785 .8816 .8847iO .8878 .8910 .8941! .8972

0.9004 0.9036 0.9067 0.9099 0.9131 0.9163 0.9195 0.9228 0.9260,0.9293
.9325 .9358,0 .9391 .9424 .9457 .9490 .9523 .9556 .9590,0 .9623

.9657,0 .9691,0 .9725 .9759,0 .9793,0 .9827 .9861 .9896 .9930 .9965

"1.0 "0.9 "=0.8 "0.7 oQ.e °0.5 "0.4 "0.3 °0.2 "0.1
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Natural Tangents and Cotangents.—Coricluded

Deg.
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ANALYTIC GEOMETRY
The Straight Line.—The equation of the straight Hne iu its

X y
simplest form is—h r = 1, where a and 6 are the intercepts

of the Hne on the axes of A' and }' respectively.
The other useful equations of the straight line are: ?/ = w.r -|-

b, where m is the tangent which the line makes with the axis of
X. The equation of a line passing through a given point
(xi, yi) is y — ?/i = m{x — Xi) where m is entirely indetermi-
nate, since any number of lines may pass through a point. The
equation of a line passing through two points is

yi — Vi, s

y - Ui
=- -i^ - ^i)
Xi — Xi

The distance between two points Xi, j/i and Xj, yi is":

D = V(X2 - xi)= + {y, - y,)'

Distance from a point Xi, i/i to a line ax -f 6i/ + c = is:

^^
^ axi + byi + c

Va- + b-

The equation of an angle 4> between two lines y = mx + b

and y = m'x -j- b' is:

. - m' - m
tan * = -T—

,
1 -f mm

The Circle.—The circle is the locus of all points in a plane
equidistant from a given point.

The equation of a circle whose center lies at the origin is.

X- + y- = r'.

If its center lies at (a, 6):

(x - ay + (y - by = r*

If the origin lies on the left extremity of the diameter, the
equation is:

(x — ry + iy — Oy = r- (as above)
or simplifying

y- = 2rx — X-

The Ellipse.—The ellipse is the locus of a point moving in a
plane so that the sum of its distances from two points in the
plane is a constant. The ratio of the constant sum (the major
diameter) to the distance between the foci is known as the
eccentricity, e.

The area of an ellipse = r times the product of the semi-diam-
eters.

The equation of the ellipse is

x^ t/^
—t -|-

r:;
= 1 (center at the origin)

a^ 0^

The tangent to the above ellipse through the point of tan-
gency Xi, j/i is

xxi yyi _
a'- ^ b-'

~
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The Parabola.—The parabola is the locus of a point moving
in a plane so that its distance from a point (the focus) in the
plane is always equal to its distance from a line (the directrix)

in the plane. Its equation, the curve passing through the
origin and its focus lying on the axis of X ia y^ = 4px, polar

ro5rdinates p = p sec^ — , where 4p is the double ordinate

through the focus. A tangent to a parabola through the point
of tangency Xi,yi, is yyi = p{x + Xi).

The tangent at any point makes equal angles with the axis

and a Hne from the point of tangency to the focus. The parab-
ola has no finite asymptotes.
The Hyperbola.—The hyperbola is the locus of a point mov-

ing in a plane so that the differences of its distances from two
fixed points in the plane is a constant. Its equation, with its

center at the origin and its foci on the axis of x is

£! _ ^ = 1

a'- b"-

Equilateral hyperbola: x- — y'^ = a^.

Equilateral hyperbola referred to its axes as asymptotes:
xii = c- (This is the isothermal curve of pressure and volume
in gases).

Equation of the asymptotes

X _y X _ y

a b ' a b

The tangent to a hyperbola bisects the angle formed by the
two lines drawm from the point of tangency to the foci.

The Cycloid.—The cycloid is the curve generated by a point
in the circumference of a circle roUing on a straight line. It

consists of an infinite number of equal arches.

_,a - y AS ; x = a{d - sin 6) ]X = a cos ' — v2a?/ — u^ot ), \ '>

a -^ ^ y = a{l - cos d)
j

The Epicycloid and Hypocycloid.—The epicycloid is generated
by a point in the circumference of a circle rolling upon another
circle. The hj^jocycloid is the curve generated by a point on
the circumference of a, circle rolling inside another circle.

Epicycloid

Hypocycloid

/ . I.N /, 1,
a + b

X = (a -f- o) cos d — b cos —r—
- I

o

/ , I ^ I • (1 -\- b
y = [a + b) sm 6 — b sm

X = (a — b) cos d + b cos

y = (a ~ b) sin $ — b sin

b

- b

where a is the radius of the main circle, and 6 of the generat-
ing circle.

Cubical Parabola.—Formula, a'^y = x^.

Semicubical Parabola.—Formula, ay- = x^.

4
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80'
Witch of Agnesi.—Formula, y =

+ 4a-'

x3
Cissoid of Diodes.—Formula, ij- = .^

p = 2a tan sin 6.

This and the conchoid were invented to solve the problems
of the duplication of the cube, i.e., given a cube, a', whose side
is 11. to construct tlie side of a cube, 2a'.

Lemniscate of Bernouilli.—Formula, (x' + y^)^ = a'^{x- — y-)

p^ = a^ cos 0.

This and the following have a singular point at 0, 0.

Strophoid.—Formula, ;/" = -i^M —;—

I

\a + x]

p = a (cos d — sin tan 0).

Cardioid.—Formula, x- + y^ + ax = aV'x'^ + y^

I X = a cos d {I — cos 0)

\y = a sin $ {I — cos 6)

p = a(l — cos 0)

This is a special case of the epicycloid in wliich the generating
circles are equal.

The Probability Curve.—Formula, y = e~*^.

The Caternary.—The caternary is the curve assumed by
a uniform, completely flcxil)le cord supported at its two ends.
Its equation is

y = 2 (e<» + e ")

where e is the base of the Napierian system of logarithms.
The Involute.—The involute is the curve described by a point

in a string which is being kept taut and unwound from -a

cylinder.
= o(cos 9 + 9 sin 9)

y = a (sin d -\- 6 cos 9)

or \/p^~^=^ ^ _, Vp^ - o'
9 = — tan '

a a

The Spiral of Archimedes is a curve described by the extrem-
ity of a radius vector which lengthens in proportion to the angle
traversed. That is, the turns are equidistant from each other.

p = a9

Hyperbolic Spiral.—Formula, pO = a.

Logarithmic Spiral.—Formula, p = e"^.

Lituus.—Formula, p'-9 = a-.

CALCULUS
Elementary Differentials

d(c)
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d{u + V ± w . . . ) = du ± dv ± dw . . .

d{uv) = vdu + udv
d(uvw) = vwdu + vwdv + uvdw

d(uvw) _ du dv dw
uvw u V w

d{u") = nW'^du; d{x") = rix''"^

, u vdu — udv
a — =

V

(/(sin x) = cos X .d(tan x) = sec^x
d{sec x) = sec x tan x d(cos x) = — sin x
d{cot x) = — csc^x d{csc x) = — esc x cot x

a sin ^u =

—

.
a tan '« =

^^©=$^^© = 4

Vl - u^ 1 + w2

a sec 'u =
;
— a cos ' «

Vl - u^

d COt~'M = — ;
, d CSC~' U =

;
—

1 + w^ mV«^ - 1

d logo w = logo e- — ; d logo x = logo e = —

a loge M = —
u

da" = a" loge adu
de" = e"du

Fundamental Integrals'

J'adx = ax

J'af{x)dx = aJ'J{x)dx

f^ = logx

fx'^dx = -—
, when /« is different from — 1

TO + 1'

fe'dx = e*

ya' log arfz = a*

y^—i

—

= tan~i X

. = vers"' X
V2x -x2

' For the more complicated integrals, see B. O. Pierces' "Short Table
of Integrals" and the various works on integral calculus.
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yco3 xdx = sin x
J'ain xdx = — cos x
J'cot xdx = log sin x
ytan xdx = — log sin x
ytan X sec xdx = sec x
J'sec- xdx = tan x
/ csc^ xdjc ^ ^ cot X
f\S{x) •^<e{x) + ^(X)]dx = ff{x)dx + y^(x)£/x +

fxp{x)dx
Sudv = uv — J'vdu where '/ and ;• are functions of x

^ dv , du
fuj-^dx==uv- fv-^-^dx

ff{y)dy
ff{y)dx = dy_

dx

Ss'm'^ xdx = — ^•^ cos x-sin ;r + ^ix
J'sin^xdx = —H cosxCsin^x + 2)

/, . „ ,
sin"~' X cos X , n — 1 C . „ ,y sin" xdx =

1
—— I SHI""- xdx

n n J

J'cos^ xdx = }i sin x cos x + yi-""-

ycos' xdx = I'i sin x(cos* x + 2)

/» „ J cos"~i .r sin x , n — 1 T
J cos" xdx =

1
I cos""-

n n J

J'sin X cos xdx = ^^ sin^ x
ytan- xdx = tan x — x

ytan" xdx = —- — j tan»~- xdx
n — 1 J

J'cot^ xdx = — cot X — X

ycot" xdx = —~ — I cot""^ xdx
71 — 1 J

ysin~i xdx = X sin~i X + Vl — x^

Xcos'^ xdx = X cos"' X — ^/l — x*
ytan~i xdx = x tan"' a; — H log (1 + x^)

ycot"' xdx = X cot"' X + ^ log (1 + X-)

fe^'dx = —
a

e = 2.718281828459
log.x = 2.3025851 logio a;

II

xdx



SECTION II

METALLURGICAL PRICE AND PRODUCTION
STATISTICS

Metal Prices

For the current figures on metal prices it is, of course, neces-

sary to refer to the "Engineering and Mining Journal." But it

is often convenient to have the figures for some years back, for

instance in computing mine valuations, or in calculations on
metallurgical processes where the value of a metal over a term
of years enters into the problem. For that reason I have
introduced the following tables.

Monthly Prices of Electrolytic Copper at New York
FOR THE Last 10 Years

(In Conts pr-r Pound)

1908 1909 1910 1911 1912 1913 1914 1915 1916 1917

.Ian '13.726 13.893 13.620 12.295,14.094 16.488 14.223 13.641 24.008 28.673

Feb ,12. 905.12. 949ll3.332il2. 256, 14. 084 14.971 14.491:14.394 26.440 31.750

March 12. 704il2. 387 13.255,12.139,14.698 14.713 14.131114.787 26.310 31.481

April 12. 743,12.562:12. 733,12. 019 15.741 15.291 14.211 16.811 27.895 27.935

May. 12.598112.893,12.550,11.989 16.031 15.436,13.996 18.506

June. 12.675,13.214 12.404 12.385 17.2.34 14.672 13.603 19.477 26.601 29.962

July 12.702,12.880,12.215,12.463 17.190 14.190,13.223 18.796 23.865 26.620

Aug 13.462il3.007 12.490 12.405 17.498 16.941 26.120,25.380

Sept Il3.388!l2.870;i2.379 12.201 17.508 16.328 17.502 26.855 25.073

Oct '13.35412. 700 12.553 12.189 17.314 16.337 17.686 27.193 23.500

Nov. 14.1.30,13.125 12.742 12.616 17.326:15.182111.739 18.627 30.625,23.500

Dec. 14.11l!l3.298,12.581 13.552 17. 376114.224112.801120. 133 31.89023.500

Year's aver- 13.208'l2.982 12.738 12. 376:16.341 15.269 13.602'l7.275
age

I I I I

27.202127.180

These figures from the Engineering and Mining Journal.

• No quotations.

63
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Average Monthly Prices of Copper Manufactures
(In Cents per Pound)

1911 1913

Jan.. .

.

Feb
M rch.
April. . .

^lay. .

June. .

July . .

Aug. . .

Sept. .

.

Oct. . .

.

Nov..

.

Dec...

Vear

Copper
wire

14.06
13.50
13.25
13.75
13.75
13.75
13 90
13.81
13.75
13.50
13.75
14.94

Sheet
copper

18.50
18.50
18.50
18.50
18.50
18.50
18.50
18.50
18.50
18.50
18.63
19.13

13.81 18.56

Copijer
wire

15.75
15.25
16.03
17.06
17.30
18.68
19.13
19.13
19.13
19.13
19.13
19.13

17.96

Sheet
copper

19.50
19.50
20.30
21.50
21.63
22.50
22.50
22.75
23.50
23.50
23.50
23.50

22.02

Coppe
wire

19.09
16.38
16.39
16.50
16.50
16.18
15.88
16.60
17.84
17.75
17.28
15.79

Sheet
copper

23 . 50
22.50
21.50
21.50
21

.

50
21.10
20 . 50
21 . 50
22

.

50
22 . 50
21.15
20 . 50

16.85 21.69
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-Monthly Phices of Silver at New York for 10 Years
(In Cents per Fine Ounce)

1908 1909 1910 1911 1912 ' 1913 1914 1915 1916

-March.

April

-Mav

June.

55. 678, 51. 75o'52.375'53. 795 56.260 62.938 57.572 48.855 .56.775! 75.630

56.000 51.472 51.534 52.222 59.043 61.642 57.506 48 477 56.755| 77.585

55.365 50.468 51.454 52.745 58.375 57.870 58.067 .50.241 57.935 73.861

54.505 51.428 53.221 .53.325 .59.207 59.490 58.519 50.250 64.415 73.875

52.795 .52.905 .53.870 53.308 60.880 60.361 58.175 49.915 74.269 74.745

.53.663 52.538 .53.462 53.043 61.290 .58.990 56.471 49.034 65.024 76.971

.53.115 51.043 .54.150 .52.6.30 60.654 .58.721 54.678 47.510 62.940, 79.010

51.683 51.125 52.912 .52.171 61.606 .59.293 .54.344 47.163 66.0S3 85.407

51.720 51.440 53.295 52.440 63.078 60.640 53.290 48.680 68.515 100.740

51.431 50.923 .55.490 53.340 63.471 60.793 50.654 49.385 67. 855 i 87.332

49.647 50.703 55.6.35 55.719 62.792 58.995 49.082 51.714 71.604, 85.891

48. 769152. 226,54. 428 54.905 63. 365l57.760|49.375|54. 971 75.765 85.960

V'-ar'.s aver-
age 52.864 51.502 53.486 53.304 60.835 59.791 54.811 49.684 65.661' 81.417

Note.—Silver in New York is sold by the fine ounce, 999, in London by the
standard ounce, 925 fine.

Average Prices of Alvmixum, Quicksilver, Antimony and
Pl.\ti.\u-m for the Last 12 Years
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Monthly Prices of Spelter at St. Louis for tub Last 10
Years

(In Cents por Pound)
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Metal Production Figures

For the latest production figures the reader is referred to the
annual statistical number of the Engineering and Mining Jour-
nal and to the " Mineral Industry." However, despite the fact

that the following figures are somewhat out of date they are

offered as useful guides.

Production' of Metals in the United States^

Metal Unit 1916 1917

Copper (a) Pounds
Ferromanganese, Long tons
Gold (6) Dollars
Iron Long tons
Lead (c) I .Short tons
Nickel (e) Pounds
Quicksilver Flasks
Silver (6) Troy ounces
Zinc ((i) : Short tons

1,423,608.160' 1.942,776,309
226,957,

101,035,700!
29,916,213

535,922
44,139,826
(/) 21,033
67,485,600

492,495,

92,590,300
39,434,797

592,241
72,611,492

74,414,802
680,018

1,888,395,945

84,456,600
38,367,853

580,464
56,807.613

74,244,500
685,436

fa) Production from ore originating in the United States, (h) The statistics

for 1915 and 1916- are the final and those for 1917 are the preliminary sta-
tistics reported jointly by the directors of the Mint and the U. S. Geological
Survey, (c) Production of refined lead ore and scrap originating in the
United States: antimonial lead is included, (rf) Total production of smelters,
except those treating dross and junk exclusively; includes spelter derived
from imported ore. (e) Imports; for 1917, first 10 months only. This
nickel is refined in the United States for the production of metal, oxide and
salts. (/) As reported by U. S. Geological Survey.

Production of Mineral and Chemical Substances

Substance
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World's Production of Quicksilver
(In Metric Tons^

1911
I

1912
i

1913

United States:

a. California («)

b. Texas
c. Other states .

.

United States
Spain (6)

Austria-Hungarv. .

.

Italy
"

Mexico (estimated).

Total

578
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World's Production of Pig Lead
(In Metric Tons)

(From statistical report of the Metallgesellschaft, Frankfurt am Main)

1911 1912 1913

Spain (o)

Germany
France
Great Britain
Belgium
Italy
Austria-Hungary ....

Greece
Sweden and Norway
Russia
Asiatic Turkey

Total Europe (6).

United States
Mexico
Canada

Total North America.
Japan
Australia
Other countries

175,100
164,400
23,600
26,000
44,300
16,700
19,600
14,300
1,100
1,000

12,400

186,700
176,600
31,100
29,200
51,200
21,500
21,400
14,500
1,300

(c) 1,000
12,500

203,000
181,100

(c)28,000

30,500
50,800
21,700
24,100
18,400
1,500

(c) 1,000
13,900

498,500
377,900
124,600
10,700

547,000
387,300

(c) 108,000
16,300

574,000
407,800

(c)62,000

17,100

513,200
4,200

99,600
20,500

511,600
3,600

107,400
12,200

486,900
(c)3,600

116,000
6,200

Total world's production 1,136,000 1,181,800 1,186,700

(o) Exports. (6) Including Asiatic Turkey, (c) Estimated.

Production of Le
(In
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World's Consumption of Lead
(In Metric Tons)

(From statistical report of the Metallgoselischaft, Frankfurt am Main)

1911 1012 1913

Germany
Great Britain
France
Russia
Belgium
Italy

Austria-Hungary
Holland (a)....'.

Switzerland
Other European countries,

Total Europe
United States
Canada
Japan
Australia
Other countries

232,900
193,300
99,600
42,900
43,000
36,300
36,200
6,800
5,000
3,500

704,500
364,400
21,100
18,900
9,100

31,200

Total world's consumption, 1,149,200

232,100
196,300
104,700
45,600
44,900
33,000
37,800
6,300
6,400
4,400

711,500
398,400
30,000
21,800
10,100
30,000

1,201,800

223,500
191,400
107,600
58,800
42,900
32,600
35,500
9,500
5,800
6,300

713,900
401,300
22,900

(a) 18, 500
9,600

(a)30,000

1,196,200

(o) Estimated.

World's Production of Spelter
(In Metric Tons)

(From statistical report of the MetallResellschaft, Frankfurt am Main)

1911 1912 1913

Germany
Rheinland-Westphalia.
Silesia

Other districts

Belgium
Holland
Great Britain
France and Spain
Austria and Italy ,

.

Russia
Norway
Sweden

81,458
156,174
12,761

195,092
22,733
66,956
64,221
16,876
9,936
6,680

86,619
169,088
15,357

200,198
23,932
57,231
72,161
19,604
8,763
8,128

Europe ! 632,887
United States

j
267,472

Australia 1,727

661,081
314,512

2,296

Total 902,100
j

977,900

92,852
170,119
20,142
197,703
24,323
59,146
71,023
21,707
7,610
9,287

673,912 ,

320,283
3,724

997,900
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ZlNC-SAIELTING CAPACITY OF THE UnITED StATES^
(Number of Retorts at End of Years)

Name Situation 1916 1917

American Spelter Co. (a)

American Steel & Wire Co
American Zinc and Chem. Co. (a) . . . .

American Zinc Co. of 111

American Zinc, Lead and Smg. Co. (a)

American Zinc, Lead and Smg. Co. (a)

American Zinc, Lead and Smg. Co.

W (a)

American Zinc, Lead and Smg. Co. (c).

Arkansas Zinc and Smelting Corpn. . .

Athletic Min. and Smelting Co
Bartlesville Zinc Co
Bartlesville Zinc Co
Bartlesville Zinc Co
Bartlesville Zinc Co., Lanyon-Starr
Branch

Chanute Spelter Co. (a)

Collinsville Zinc Co. (a)

Eagle-Picher Lead Co
Edgar Zinc Co
Edgar Zinc Co
Fort Smith Spelter Co
Grasselli Chemical Co
Grasselli Chemical Co
Grasselli Chemical Co
Hegeler Zinc Co
Henryetta Spelter Co
Illinois Zinc Co
lola Zinc Co. (h)

Joplin Ore and Spelter Co
J. B. Kirk Gas and Acid Co. (o)

Kusa Spelter Co
La Harpe Spelter Co
Lanyon Smelting Co
Robert Lanyon Zinc and Acid Co. . .

.

Lanyon-Starr Smelting Co. (e)

Matthiessen & Hegeler Zinc Co
Mineral Point Zinc Co
Missouri Zinc Smelting Co (a)
National Zinc Co
National Zinc Co
Nevada Smelting Co
New Jersey Zinc Co. of Penn
Oklahoma Spelter Co
Owen Spelter Co v

Pittsburg Zinc Co
Prime Western Spelter Co
Quinton Spelter Co
Sandoval Zinc Co
Tulsa Fuel and Manufacturing Co. . .

United States Smelting Co. (a)

United States Smelting Co
United States Smelting Co
United States Zinc Co. (l)

United States Zinc Co
United States Zinc Co
United Zinc Smelting Corpn
United Zinc Smelting Corpn. (0
Weir Smelting Co

Pittsburg, Kan.
Donora, Penn.
Langeloth, Penn.
Hillsboro, 111.

Dearing, Kan.
Caney, Kan.

Neodesha, Kan.
E. St. Louis, 111.

Van Buren, Ark.
Fort Smith, Ark.
Bartlesville, Okla.
Blackwell, Okla.
Collinsville, Okla.

Bartlesville, Okla.
Chanute, Kan.
Collinsville, 111.

Henryetta, Okla.
Carondelet, Mo.
Cherryvale, Kan.
Forth Smith, Ark.
Clarksburg, W. Va.
Meadowbrook, W. Va.
Terre Haute, Ind.
Danville, 111.

Henryetta, Okla.
Peru, lU.
Concreto, Kan.
Pittsburg, Kan.
lola, Kan.
Kusa, Okla.
Kusa, Okla.
Pittsburg, Kan.
Hillsboro, 111.

La Salle, 111.

Depue, 111.

Rich Hill, Mo.
Bartlesville, Okla.
Springfield, 111.

Nevada, ^lo.
Palmerton, Penn.
Kusa, Okla.
Caney, Kan.
Pittsburg, Kan.
Gas City, Kan.
Quinton, Okla.
Sandoval, 111.

Collinsville, Okla.
Altoona, Kan.
Checotah, Okla.
La Harpe, Kan.
Henryetta, Okla. ,

Sand Springs, "Okla.
Pueblo, Colo.
Moundsville, W. Va.
Clarksburg, W. Va.
Weir, Kan.

Totals 212,614

(6) 896
9,120
7,296
4,864
4,480
6,080

3,760
4,864
2,400
(rf)

7,488
8,800

13,440

3,456
1,280
1,984
3,000
2,000
4,800
2,560
5,760
8,544
(d)

5,400
3,000
4,640

(6) 660
(J) 1,792

3,440
3,720
4,000
448

3,200

(6) 896
9,120
7,296
4,864
4,480
6,080

3,760
5,620
3,200
1,664
5,184
9,600
13,440

3,456
(ff)

(6)1,984
(6)3,000

1,982
5,040
2,560
5,760
8,520
3,360
5,400

(a) 3,000
(6)4,640
(6) 660
(g)
3,440
7,520
(k)

(h) 448
(6) 3,200

6,168
9,068

(j) 448
4,970
3,800
672

7,200
(j) 1,600

1,920
910

4,866
1,340
672

6,232
4,600
4,480
1,926
1,200
8,000
1,984
(d)

3,648
448

6,168
9,068

(ff)448
4,256
4,480

(6) 672
7,200

(A) 1,600
1,920

(h) 910
4,866
2,016
(a)

6,232
4,640
5,120
(9)
2,400
8,000
2,200

(m) 1,728
3,648

(a) 448

217,194

' As reported by the Engineering and Mining Journal.
(a) Closed during latter part of 1917. (6) No report received; entered the

same as previous year, (c) Formerly Granby Mining and Smelting Co. (d)
Under construction, (e) See Bartlesville Zinc Co. (g) Dismantled, end of 1917.
(h) Idle all of 1917. (i) Formerly Clarksburg Zinc Co. (;) Idle latter part of
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Production of Spelter'
(In Tons of 2000 Lb.)

(By Ore .'^moltcrs Only (M)

States
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World's Consumption of Copper
(In Metric Tons)

(From statistical report of the Metallgesellschaft, Frankfurt am Main)

Europe 1911 1912 1913

Germany
Great Britain
France
Austria-Hungary
Russia
Italy
Belgium
Netherlands.
Other European countries ...

Total consumption in Europe
America

United States
Others in America

222,500
159,100
95,700
38,500
32,800
29,400
13,500
1,000

10,000

Total,consumption in America
Asia, Australia, Africa

Production Japan and Aus-
tralia

Imports from Europe
Imports from America

602,500

321,900
3,000

324,900

95,000
500

Total
Exports to Europe and Amer-

ica

Consumption in Asia, Aus-
tralia and Africa

World's consumption

.

World's production.

95,500

68,800

26,700

954,100

893,800

231,700
144,700
98,500
48,200
40,000
34,200
15,000
1,000

10,200

623,500

371,800
3.000

374,800

111,900
1,400
500

113,800

73,400

40,400

259,300
140,300
103,600
39,200
40,200
31,200
15,000
1,000

(o) 13,300

643,100

348,100
3,000

351,100

119,000
1,000

80

1,038,700

1,018,600

120,100

69,800

50,300

11,044,500

;

1,005,900

(a) Estimated.
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World's Production of Copper (a)

(In Metric Tons) ir

Country 191C

United States
Mexico
Canada
Cuba
Australasia
Peru
Chile
Bolivia
Japan
Russia
Germany
Africa
Spain and Portugal
Other Countries

Totals

525.529
36.337
34.027
6.251

37,592
27.090
40,876
1.306

(c) 71,046
32.262

(6) 30.480
24.578

(6) 37.099
(6)25,176

929.649

646.212
30.969
47.202
8.836

32.512
(f) 32.410

47,142
(e) 3,000
(c) 76.039

25.881
(e) 35,000

27.327
(e) 40.200
(e) 25.000

881.237
55,128
47,985
7,816

35,000
(f) 41,625

64,636
(f) 4,000
(c) 101,467

20.887
(e) 45.000

34.572
(«) 42.000
(e) 25.000

856.
43
50.

9,

38.

(/) 45,

(g) 75,
(e) 4,

(ff)124.
(e) 16,
(e) 45,
(e)37
(c)4
(e) 25

570
827
351
622
100
620
345
000
306
000
000
315
.000
000

1,083.730 l,t00.353 . 1.413,056

iff

(d) The statistics in this table are Engineering and Mining Journal com-
pilations, except where specially noted to the contrary, (h) As reported by
Henry R. Merton & Co. (c) .\s officially reported, (rf) Privately com-
municated to us from Japan, (y) Estimated on basis of nearly complete
reports.

Smelters' Production of Copper in the IJjiiTED States^

(In Pounds)

1014 1915 1010 1917

Alaska
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Smelters' Production—(Continued)

Source

American ore.

.

1 ore

Totals
3 foreign refiners.

3 American refiners. . .

rude copper imported.

1,327,488,479

50,101,.308

20,894,559

1,398,484,346

36,765,920

1,361,718,426

131,125,076

crude copper. .
. ; 1.492,843,502

1,612.4.50,828

44,749,105
29,827,203

1,687,027,136

39,734,120

1,647,293,016

140,4 1.5,.341

1,787,708,357

2,187,328,864 2,117,235,708
73,.391,517 76,078,047

37,380,759 ; 38,854,053

2^98,101,140, 2,219,066,922

38.423,577
j

33,266,348

2,259,677.563 ! 2,198,901.460

152,770,5.36 !(a)281.211,588

1,412,448,099 2,480,113.048

{a) Estimated on basis of nine months' returns.

World's Production of Silver
Smelters' Production—In Metric Tons

(From statistical report of the Metallgesellschaft, Frankfurt am Main)

1911 1912 1913

reat Britain
ermany
elgium
pain and Portugal.

ustria-Hungary

.

:aly

Norway
lussia

'urkey (a)

weden

Total Europe

.

Wted States '.

lexico
lentral and South America (a)

.

Canada

Total America.

Asia (Japan) .

.

Australia

"otal production

.

536.1

1

420.0
264.

7|

134.9
53.0
63.1
14.2
7.2
4.9
1.5

499.
476,
252.
117.

47.
61.

12.

7.

(a) 5.

1.

1.

395.1
537.9
280.0

(a) 130.0
(a)47.0

58.9
14.4

(a)8.0
(o)5.0

1.5
0.9

1055.6 61063.2
200.01 200.0
509.2 593.4

1499.6 1481.2' 1478.7

3891.9 4073.0 4059.1
61159.2
200.0
546.5

5974.8

148.9

143.0

7427.0 7685.3 7745.4

5656.7 5929.6
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SiLVEH PkODUCTION IN THE UnITED StATES
(In Fine Ounces)

1915

Alaska
Arizona
California
Colorado
Georgia
Idaho
Illinois

Maryland
•Mic'hi}:;an

Missouri
Montana
Nevada
New Hamp.shire.
New Mexico ....

North Carolina.

.

Oklahoma
Oregon
South Carolina.

.

South Dakota. .

.

Tennessee
Texas
Utah
Virginia
Vermont
Washington
Wyoming

Continental U. S.

Pliilippines

Porto Rico

Total

1,0.54.634

5,66o,G72
1,689,924
7,199,745

141
13,042,466

3,892
100

581,874
55.534

14,423,173 I

14,453,085

1.266,317
6,680.252
1,936,910
7,551,761

2,337,064
1,496

125,499

197,569
99,171

724,580
13.073,471

11,570.399
5.782
153

759,068
128,860

14.046,054
13,682,067

935
1,729,917

1,738
606

221,887

150
213,877

2,910

210,100
93,837

664,319
13,545,802

508
1,964

294,516
3,407

1,351,100
8,183,200
1,989.800
8,163,600

11,683,100
3,300
1,100

686,700
21.100

13,711.100
11,441.000

1,313.700
2,800

215,700

191,100
99,300

583,200
14,315,300

9,400
400

257.000
4,900

74,945,927
|
74,397,159 I 74,227,900

15,148 17,643
|

16,600

74,961,075
;

74,414,802 74,244.500

As reported by the Director of the Mint and the U. S. Geological Survey. B'
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Gold Production of the World for 21 Years^

1^95 S198,99o.741
1S96 211,242,081
1S97 237,833,984
1898 287,327.833
1899 311,505,947
1900 258,829,703
1901 260,877,429
1002 298.812,493
1903 329.475,401
1904 349,088,293

1915. .

.

1905 8378,411,054
1906 405,551,022
1907 411.294,458
1908 443,434,527
1909 459,927,482
1910 454,213,649
1911 459.377.300
1912 474,333.268
1913 462.669.658
1914 451,582,129
.473,124,590

* A3 tabulated in the Engineering and Mining Journal.

Gold PRonucTiox of the World

Transvaal . §188,599,260 8181.889,012 §173,176,133
Rhodesia

.

West Africa
Madagascar, etc.

Total Africa

United States
Mexico
Canada
Central America, etc. .

.

Total North America

.

Russia, inc. Siberia. . .

.

France
Other Europe

13,166,2.30 13,935,681 17,745.980
7,386,028' 7,846,560 8,671.-371

2,925,000! 2,044,600 1,980,000

8212,076,518 8205,715,6.53 8201,573,484

893,451, .500 888.884,400' 94,-531.800

22,500,000 20.-500,000 18.185.000
12,.559,288 16,216.131 15,925.044
3,632,500| 3,030,400 3,500,000

Total Europe
British India
British and Dutch E.
Indies

Japan and Chosen
China and others
Total Asia, not inc.

Siberia ,

South America.
Australasia ....

8132,143,288 8128,630,931 8132,141,844

827,635,500
1,847,000
3,615,000

829,-500.000 26,763,000
1,812, lOOi 1,4-50,000

2,950,000 2,350,000

8-33,097,500 834,262,100 830,-563,000

812,11-5,162 812,176,783 812,327,980

4,925,000
7,165,000'

4,739,100!
7,394,300'

4,690,000
7,476,.500

3,750,000 3,658,900, 3,625,000

827,955, 162j $27,969,083: $28,119,480

812,425.000 813,058,400 813,52-5,000

56,635,800 53,033,-391 45,695,271

Total for the world.. . 8474,333,268 8462,669,558 8451,582,129

Official returns of the various countries and reports of the Director of the
U.S. Mint.
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Gold PiioDrcTiox i\ the United States
(Values)

1910 1917

Alabama
Alaska ,

Arizona
California
Colorado
Georgia
Idaho
Maryland
Montana
Nevada
New Mexico . .

.

North Carolina.
Oregon
South Carolina.
South Dakota.

.

Tennessee
Texas
Utah
Vermont
Virginia
Washington . . . .

Wyoming

Continental U. S.

Philippines

Porto Rico

S5,100
16.710,000
4,555,900

22,547,400
22,530,800

34,800
1,170,600

S7,400
16,124,800
4,092,800

21,980.400
19,185,000

20,400
1,058,300

4,978,300
11,883.700
1,460,100
170,700

1,867,100
3,600

7,403,500
6,800
1,800

3,907,900

500
461,600
13,900

4,328,400
9,064.700
1,350,000

23,000
1,901,500

300
7,471,700

5,700
500

3,859,000
300
500

580,600
20,200

$4,200
15.171,300
5,.533, 800

20.815,900
15,955,100

6,000
711,500

100
3,756,500
6,922,900
1,025,100

15,700
1,677,400

1,100
7,392,600

5,300
900

3,620,300

$99,714,100
1,320,900

700

$91,075,500
1,514,200

600

Totals $101,035,700 $92,590,300 $84,456,600

1,700
434,900

200

$83,052,500
1,404,000

100

As reported by the Director of the Mint and the U. S. Geological Survey.

E.STIMATE OF WoKLD's PRODUCTION OF CuUDE PlATINUM '

Country
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U. S. Pig Iron* Production for 15 Years'
(In Long Tons)

1903.
1904.
1905.
1906.
1907.

18,009,252
16,497,003
22,992,380
25,307,391
25,781,381

1908.
1909.
1910.
1911.
1912.

15,936,918
25,795,471
27,303,567
23,649,547
29.726,937

1913.
1914.
1915.
1916.
1917.

30,966,162
23,332,244
29,916,213
39,434,797
38,367,853

U. S. Iron Ore Production and Consumption'
(In Long Tons)

Lake Superior shipments. . .

Southern ore mined
Eastern and other local ores

Total production
Imports

Total supplies
Exports

Approximate consumption

.

48,211,778; 49,947,116 33,721,897
7,500,000i 7,950,000 6,175,000
3,485,000j 3,950,000 3,015,000

59,196,778 61,847,116
2,104,576 2,594,876

42,911,897
1,455,000

61,301.354
1,195,742

64,441,992
1,042,151

60,105,612j 63,399,841

44,366,897
660.000

43,706,897

Production of Crude Petroleum in the United States'
(In Barrels of 42 Gal.)

Field
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Tin' Productio.v and Consumption
(In LonK Tons)

19i:

Exports, Straits and Malay Peninsula.
Exports, Australian
Banka and Billiton sales

Chinese exports and production'
Bolivian exports'
South African production'
Nigerian production'
Cornwall production'

62,242
3,253
17,142
8,200

22,719
1,900

4,900

61,986
1,771

10,975
8,255

24,844
2,276
1,962
4.500

66,760
2,275

15,093
7,097

18,800
2.158
1.899
4,000

Total 120,356

U. S. imports and consumption
I
45,900

Great Britain, imports and consumption
j

28,736
Holland, imports I 16,573-

21,250
1,000
6,500

Other Europe, imports.
Australian consumption
China and India consumption.

Totals

Visible stocks, Dec. 1

.

116,569

42,995
30,531
15,810
18,633
1,050
6,400

119,959 115,419 116,342

16,045! 13,432 14,53.5

118,082

49,480
39,937
7.625
11,550
1,100
6,650

'Xotin "Statistics."

World's Production of Tin
(In Metric Tons)

(From statistical report of the Metallgesellschaft, Frankfurt am Main)

1911 1912 1913

Straits Settlements
Great Britain:

From home ores

From other ores (a)

Germany (a)

France
Banca (sold in Holland) . . . .

Billiton (sold in Holland and
Java)

Australia
China (exports)
Bolivia (b)

57,944 61,528 65,640

4,950
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World's Consumption of Tin
(In ISIetric Tons)

(From statistical report of the Metallgesellschaft, Frankfurt am Main)

1911 1912 1913

Great Britain
Germany
France
Austria-Hungary
Belgium
Russia
Italy
Switzerland
Spain
Scandinavia
Holland
Other European countries

Total Europe
United States

Other America
Australia
Africa
China (imports)
Other Asia

World's consumption
World's production

21,900
18,300
7,400
4,000
1,700
1,900
2,400
-1,200

1,200
1,400

(a) 250
1,200

62,800
48,000
2,300
(a)900
(a)500
1,993
3,000

119,500
117,600

21,800
20,200
7,500
3,800
1,500
2,600
2,500
1,400
1,300
1,500

(a) 250
1,100

65,500
51,700
3,300

(a) 1,200
(a)600
2,427
3,000

127,700
124,700

24,400
19,300
8,300
3,200
2,300
2,700
2,900
1,400
1,300
1,600

(a)250
1,200

68,900
45,000
3,400

(a)l,400
(a)500

(a)2,400

3,300

124,900
128,900

(a) Estimated. No later statistics available.

World's Consumption of Spelter
(In Metric Tons)

(From statistical report of, the Metallgesellschaft, Frankfurt am Main)

1911 1912 1913

United States
Germany
Great Britain
France
Belgium
Austria-Hungary
Russia
Italy

Spain
Holland (estimated)
Other countries (estimated)

Total

251,600
219,300
175,700
82,000
73,700
43,500
28,900
10,100
4,800
4,000
17,800

911,400

312,900
225,800
185,200
82,000
77,200
46,800
27,900
10,700
4,700
4,000
19,700

313,300
232,000
194,600
81,100
76,400
40,400
33,300
10,900
5,900
4,000

20,900

996,900 1,012,700
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SECTION III

PHYSICAL CONSTANTS

The Fundamental Laws of Physics

Force = mass X acceleration; / = ma
Momentum = mass X velocitj'; M = mv
Energy = ^i mass X velocity 2; E = ]4, mv'
Work = force X distance = fs = mas

Harmonic motion, period = Stta / ~^

—

-,— , or in a pendu-
\ acceleration

lum

T-2,^
Laws of a falling body: v = velocity at end of t seconds, S =
space traversed in t seconds, St = space traversed from t to

{t + 1) seconds
V = gt

S = Vigt'

St = yzg{2t + 1)

" Centrifugal force " = mrco', where w = angular velocity.

/ 211
Torsional pendulum : T = 27r\/

M-n-nr*

where T = period, I = length, I = moment of inertia of mass
on end, n = coefficient of rigidity, r = radius of wire.

Young's modulus, coefficient of elasticity:

,
' At wr'Al'

I

I — length, Al = change in length.

Pressure in liquids = pgh, where p = density and h = height

of column.
Speed of escape of a liquid from an orifice, if there were no

viscosity,

- = V?
Boyle's law, behavior of perfect gases under varying volumes,

pressures and temperatures

:

pv = RmT, where R is the so-called gas constant and T is

absolute temperature.
Under changes so sudden that the heat generated by com-

pression (or absorbed by expansion) cannot radiate or be
absorbed from external objects:

pv''^ = Rmt (7= 1.406 approx.)

75
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Electricity: Ampere, the unit of current strength, /; volt,
the unit of electromotive force, E; ohm, the unit of resistance,
R; coulomb, the unit of quantity, Q; wait, the unit of power,
P; joule, the unit of work, J; farad, the unit of capacity, C;

henr^-, the unit of inductance, /. I = seconds. J = ^ (Ohm's

law); Q = n, C =% W = QE, P = IE, P = ^ = PR =^

W
I

QE
t

E' R

Heating effect of a current, J = I-Rt = EH
R

'

COMPOSITIOX OP THE AlR^

By weight Ry volume
Expired air

by volume

Oxygen

.

Nitrogen
Argon- .

.

CO.

23.024
75.539
1.337
n.040

20.941
78. 122 \
0.937/

15.4

70.2

4.33

PYSCHROMETRIC TABLES^
Measurement of Atmospheric Moisture.—The quantity of

moisture mixed with the air under different conditions of tem-
perature and degree of saturation may be measured in several
distinctly different waj's. Many of these, however, arc not
practicable methods for daily observations, or are not suffi-

ciently accurate. Probably the most convenient of all methods
and the one most generally employed is to ob.serve the tempera-
ture of evaporation—that is, the difference between the tem-
peratures indicated by wet- and dry-bulb thermometers. The
most reliable instrument for this purpose is the sling, or whirled
psychrometer. In special cases, rotary fans or other means
may be employed to move the air rapidly over the thermometer
bulbs. In any case satisfactorj' results cannot be obtained
from observations in relatively stagnant air. A strong ven-
tilation is absolutely necessar\' to accuracy.

Sling Psychrometer.—This instrument consists of a pair of

thermometers, provided with a handle, which permits the ther-

mometers to be whirled rapidly, the bulbs being thereby strongly
affected by the temperature of and moisture in the air. The
bulb of the lower of the two thermometers is covered with thin
muslin, which is wet at the time an observation is made.
The Wet Bulb.—It is important that the muslin covering for

' Aocording to Ramsat (cf. Benson's "Industrial Chemistry," p. 38. The
Macmillan Co.)

2 Including the other inert gases. The rare eases are present in air in the
following proportions by weight: krypton, 0.028 per cent.; xenon, 0.005;
neon, 0.0003S; helium, 0.0000.56 per cent.

• C. F. Marvin's Tables, Weather Bureau Bulletin Xo. 235.

Continued on page 78.
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Temperature of Dew-point in Degrees Fahrenheit
Pressure = 30.0 inches of mercury

H
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Temperature of Dew-point in Degrees Fahrenheit.
Conliniied
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Temperature of Dew-point in Degrees Fahrenheit.
Continued
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Temperature of Dew-point in Degrees Fahrenheit.
Continued

Pressure = 30.0 inches of mercury

c.
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Temperature of Dew-point in Degrees Fahrenheit.
Continued

Pressure = 30.0 inches of mercury

Air
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Temperature of Dew-point in Degrees Fahrenheit.
Continued

Pressure = 30.0 inches of mercury

d
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Temperature of Dew-point in Degrees Fahrenheit.
Continued

Pressure = 30.0 inches of mercury

d
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Temperature of Dew-point in Degrees Fahrenheit.
Cotilinued

Pressure = 30.0 inches of meroury
**,
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Temperature of Dew-point ix Degrees Fahrenheit.
Continued

Pressure = 30.0 inches of mercury

-



86 METALLURGISTS AND CHEMISTS' HANDBOOK

Temperature of Dew-point in Degrees Fahrenheit.
Continued

Pressure = 23.0 inches of mercury

Depression of wet-bulb thermometer (t — t')

0.2
I

0.4 10.6 iO.8
j

1.0 1.2
I

1.4
I

1.6' 1.8[2.o|2.2
|
2.4

j

2.6 I 2.8
[
3.0

—40^.00391—49
-39
—38
—37
-36
—35 0.0051
—34
—33
—32
—31

—29
—28
-27
—26

—48
-46

46—45
4S-43

54—40

300.0069
74

—39
-3S
36

—34
33

83
89

2.y0.0094

24,0.0100
106
112
1

78-32
-30
—29
28

—27
-26

200.0126
—19
—18
—1
—16

23
—22
—20

150—19
159

—150.0168
—14 1781—16
—13
—12
—11
—10)0.0222

234
247

— 9

—
/

— 6

— 4
— 3
— 2
— 1

-f- 1

2

3

4

S(

—18
-17
—16

188-15
199-14
210—13

—12
—11

10
260—8
275

0.0291
307
325
344
363

0'0.03&3

403
423
444
467

0.O491
515
542
570

9| 600
100.0631

1—7
6

5
— 4
— 3
— 2
— 1

±
+ 1

2

3

4

5

—59!
—571
—5o\
—52
—501
—48
—16
—44
-^2
—40
;—38
—36
—34
—32
—31
—30
—29
—27,
—26
—24
—23
—22,
—20
—19
—IS
—17
—16'
—14
—13
—12
—11
—10
— 9
— 8— 6
— 5

665
G99
735
772

150.0810
850
891

933
19(0.0979
200.1026

—59
—55
—521
^^9i
—16—60

41 —55
—41—51
—39 -^8
—36 —45
—34—12
—33 —39
—31 —36
—29 —34
—28—32
—26 —30
—25 —2S
—23 —26
—22 —25
—20 —23
—19—22
—18—20
—16—19
—15—17
—14 —16
—13—15
—12 —14
—10 —12
— 9—11
— 8—10
— 7 — 8— 6 — 7— 4 — 6— 3 — 4— 2 — 3— 1—2
±0 — 1

+ 1 ±
2,-1-1

3! 2

4 3
6 5

7 6

—60
—59

58
57
56

—55
54

—53

0.0010
11

12

13M9
13

0.0015
16—16

0.0017—45
44

•57

—51
—17
-^4|—57

-511

•37M7
—35
—32

-2S

1—5210.00181—60
^51
500.0021

—39
38
37

—36

19-^9

—35 0.0051
34
33

32
31

—30:0. 0069

3 1—.54

-39,—IS
—30[—351-43

33—39—19r

361-44 —57
—28—331—39 -49
—261-30|—35 —43,—.56

—24 —28 —32 —39I-4.S
—20—22—26—29 —34

_ « - t')

0.1 0.2 ,0.3 0.4 0.5

—58
-56,
—54:
—53
—51—59

10.0029—50—67
31 -^9-55
33—47—53
35^6—51—«0
37-45—50—58

—1010.0039—14—19—56
1—43-48—54

2-46—52—59
1—45—50—57

—40—13^9—55
—39-^2—47—52

54—37—10—45—.50—58
—36—39—43^8—5.5
—35—38—42—16—52
33—36—10—44—49

1—32—34—38^2-47
26—30:-

—25
—23
—21

—17
—15
—14
—12
—11
—10

-55
—46—18—21—24—27 —31 —3

—19i—22 —25 —29 —33|—40 —50
—17,—20 1—23 —26 —30|—35 -44;—56
—16|—18i—21 —24 —2
14—161—19—22 —2

—13—15—171-19-22

32 —38,—471

[—29 —33 —40—51
26—30 —.35 —43 —57

11 —13—151-17—20—23—26—31 —37—46

— 7— 6— 4— 3— 2— 1

+
+ 1

2

4

5

—10-12—14—16-18
— 8|—10,-12 —14 —16
— 7 — 9—10—12—14
— 6:— 7;— 9—10—12

-4i— 61— 7 — 9—10

20:—23 —27 —32 —38
—18—21—24—28—32
—16—18—21 —24—28

14 —161—19—22 —25
—12—14—16!—19—22

— 3 — 4 — 6 — 7 — 9—10—12—14—16—19

10 9:

11 10
12 111

18, 18

— 21—3—5 — 6 — 7
— ll— 2 — 3 — 5 —

6

±
+ 1

3
4
5
6
8
9

10
11

12

13

14

15

16

+ 2

3

4
5
7

8

9

10
11

13

14

15

16

-H 1 — 1 —

2

2-1-1+0
3i 2-1-1

3
4

5
7

5
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Temperature of Dew-point in Degrees Fahrenheit
Continued

Pressure = 23.0 inches of mercury
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Temperature of Dew-point in Degrees Fahrenheit.
Continued

Pressure = 23.0 inches of mercurj'

Air
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Temperatuke of Dew-point in Degrees Fahrenheit.
Conlimied

Pressure = 23.0 inches of mercury

•^ c.
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Temperature of Dew-point ix Degrees Fahrenheit.
Continued

Pressure = 23.0 inches of mercurj"
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Temperature of Dew-point in Degrees Fahrenheit.
Continued

Pressure = 23.0 inches of mercury



92 METALLURGISTS AND CHEMISTS' HANDBOOK

Temperature of Dew-point in Degrees Fahrenheit.
CoiUinued

Pressure = 23.0 inches of mercury

Air
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Temperature of Dew-point in Degrees Fahrenheit.
Concluded

Pressure = 23.0 inches of mercury

•t c.
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Relative Humidity, Per Cent.—Fahrenheit Temperatuhe.s
Pressurp = 30.0 inches of ineroury

Air
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Relative Httmiditt, Per Cent.—Fahrenheit Temperatures.
CoTilinued

Pressure = 30 inches of mercurj'

cL
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Relattve Humidity, Per Cent.—Fahrenheit Temperatures.
Continued
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Lelattve Humidity, Per Cent.—Fahrenheit Temperatures.
Continued

Pressure = 30.0 inches of mercury
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RELATm: Humidity, Per Cent.—Fahrenheit Temperatures.
Coiitinued

Pressure = 30. Oinches of mercury

t
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Relative Humidity, Per Cent.—Fahrenheit Temperatures.
Continued

Pressure = 30.0 inches of mercury

Air
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Relattv'e Hu>nDiTT, Per Cent.—Fahrenheit Temperatures.
CoTiliniied

Pressure = 23.0 inches of mercury

d



PHYSICAL CONSTANTS 101

Relative Humidity, Per Cent.—Fahrenheit Temperatures.
Continued

Pressure = 30.0 inches of mercury
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RELATrv'E Humidity, Per Cent.—Fahrenheit Temperatures.
ContiTutcd

Pressure = 2.3.0 inclics of mercury

d
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Ielative Humidity, Per Cent.—Fahrenheit Temperatures.
Continued

Pressure = 23.0 inches of mercury

t
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Relative Humidity, Per Cent.—Fahrenheit Temperatures.
Continued

Pressure = 23.0 inches of mercury
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Relative Humidity, Per Cent.—Fahrenheit Temperatures.
Continued
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T.vBLE XI.

—

Pressure of Aqueous Vapor for Temperature
FROM 100" to 445"^., IN Inches of Mercury
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\\ EIGHT OF A Cubic Foot of Aqueous Vapor at Different
Temperatures axd Saturations (in Grains)

Temp.,
Percentage of saturation

"F.
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Weight of a Cubic Foot of Aqueous Vapor at Different
Tf-mteratures and Saturations (in Grains). Continued
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Weight of a Cubic Foot of Aqueous Vapor at Different
Temperatures and Saturations (In Grains). Conlinued
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Tension of Aqueous Vapor at Various Temperatures'

Temperature,
degrees C.

Tension of aque- Temperature,
ous vapor in mm. degrees C.

Tension of aque-
ous vapor in mm.



PHYSICAL CONSTANTS 111

Effect of Altitude ^

Table of altitudes in feet above sea-level; with corresponding approxi-
mate barometric readings, atmospheric pressures and proportionate densities.

(The capacity of an internal combustion engine at higher altitudes, as
compared with its capacity at sea-level, is practically proportional to the
atmospheric densities.)

Altitude in feet
Barometer
in inches

Atmospheric pres-
sure in pounds per

square inch

Proportionate
atmospheric

density

0.00
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B.\ROMETER Correction for Variation in g
—Correct at

45° N. OR S. Latitude

35° or 55°
40° or 50°

065 . 066 . 066; . 067 . 068' . 069i0 . 070
0.032,0.033 0.033: 0.034 0.035 035:0.035

Subtract the correction for 35° and 40°.

.\dd the correction for 50° and 55°.

Batteries, E.m.f. of Standard Cells

CeU
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Specific Gr.wity of Sulphuric Acid* at 15°C., Compared tu
Water at 4°C.

8p. Kr. at.

15°
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Specific Gravity of Sulphuric Acid^ at 15°C., Compared to
Water at 4°C. Continued

Sp. gr. at
15°
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Specific
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Specific Gravity of Sulphuric Acid^ at 15°C., Compared to
Water at 4°C. Continued
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Specific Gravity op Sulphuric Acid^ at 15°C., Compared to
Water at 4°C. Conlinued

Sp. gr. at
15° Degrees

Baumd
Degrees
Twaddell

100 parts of c.p. acid contain, per cent.

SOs H2SO1
acid acid

1.715
1.720
1.725

1.730
1.735
1.740
1.745
1.750

1.755
1.760
1.765
1.770
1.775

1.780
1.785
1.790
1.795
1.800

1.805
1.810
1.815
1.820
1.821

1.822
1.823
1.824
1.825
1.826

1.827
1.828
1.829
1.830
1.831

1.832
1.833

60.2
60.4
60.6

60.9
61.1
61.4
61.6
61.8

62.1
62.3
62.5
62.8
63.0

63.2
63.5
63.7
64.0
64.2

64.4
64.6
64.8
65.0

65.1

65.2

65.3

65.4

65.5

65 .6

143
144
145

146
147
148
149
150

151
152
153
154
155

156
157
158
159
160

161
162
163
164

165

166

64.07
64.43
64.78

65.14
65.50
65.86
66 . 22
66.58

66.94
67.30
67.65
68.02
68.49

68.98
69.47
69.96
70.45
70.94

71.50
72.08
72.69
73.51
73.63

73.80
73.96
74.12
74.29
74.49

74.69
74.86
75.03
75.19
75.35

75 . 53
75.72

78.48
78 . 92
79.36

79.80
80.24
80.68
81.12
81.56

82.00
82.44
82.88
83.32
83.90

84.50
85.10
85.70
86.30
86.90

87.60
88.30
89.05
90.05
90.20

90.40
90.60
90.80
91.00
91.25

91.50
91.70
91.90
92.10
92.30

92.52
92.75

100.56
101.13
101.69

102.25
102.82
103.38
103 . 95
104.52

105.08
105.64
106.21
106.77
107.51

108.27
109 . 05
109 . 82
110.58
111.35

112.25
113.15
114.11
115.33
115.59

115.84
116.10
116.35
116.61
116.93

117.25
117.51
117.76
118.02
118.27

118.56
118.85



PBCIFIC
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Specific Gramtv of Sulphuric Acid at GOT., Compaukp
WITH Water at 60° F.

Tiiia table is the one approved and adopted as a standard by the Manu-
facturing Chemists Association of the United States. (See note on p. 119.)

Degrees
Baum6



PHYSICAL CONSTANTS" 121

Specific GRA\^TY of Sulphuric Acid at 60° F., Compared
vriTK Water at 60°F.

This table is the one approved and adopted as a standard by the Manu-
facturing Chemists Association of the United States. (See note on p. 119.)

Degrees
Baum6
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Specific Gravity of Nitric Acid at 15" Compared with
Water at 4". Conlitnicd

J50
'

j

Degrees
|
Degrees

—5-
; Baum6 , Twaddell

100 parts of acid contain by weight

NjOf HNO3 38° acid 40° acid ^°^P^

1.185
1.190
1.195
1.200

1.205
1.210
1.215
1.220
1.225

1.230
1.235
1.240
1.245
1.250

1 . 255
1.260
1.2G5
1 . 270
1.275

1.280
1.285
1.290
1.295
1.300

1.305
1.310
1.315
1.320
1.325

1.330
1 . 335
1.340
1.345
1.350

22.5
23.0
23.5
24.0

24.5
25.0
25.5
26.0
26.4

26.9
27.4
27.9
28.4
28.8

29.3
29.7
30.2
30.6
31.1

31.5
32.0
32.4
32.8
33.3

33.7
34.2
34.6
35.0
35.4

35.8
36.2
36.6
37.0
37.4

37
38
39
40

41
42
43
44
45

46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

25.83 30.13
26.47 30.88
27.10131.62
27. 74| 32.36

28.36 33.09
28.99133.82
29.61 34.55
30.24
30.88

31.53
32.17
32.82
33.47
34.13

35.28
36.03

36.78
37.53
38.29
39.05
39.82

34.78 40.58,
35.44 41.34,
36.09
36.75
37.41

38.07
38.73
39.39
40.05
40.71

42.10
42.87
43.64

44.41
45.18
45.95
46.72
47.49

41.37148.28
42.06 49.071
42.76 49. 89[

43.471 50.711
44.17151.53'

1

44.89 52.37
45.62 53.22
46.35 54.07
47.08 54.93
47.82,55.79

57.07
58.49
59.89
61.29

62.67
64.05
65 . 44
66.82
68.24

69.66
71.08
72.52
73 . 96
75.42

76.86
78.30
79.74
81.20
82.65

84.11
85.57
87.03
88.48
89.94

91.40
92.94
94 . 49
96 . 05
97.60

99.19
100.80
102.41
104.04
105.67

1.355 37.8 ' 71 48.57,56.66 107.31

48.66
49.87
51.07
52.26

53.23
54 21
55.18
56.16
57.64

59.13
60.61
61.84
63.07
64.31

65.54
66.76
67.99
69.23
70.48

71.72
72 . 96
74.21
75.45
76.70

77.94
79 . 25
80.57
81.90
83.22

I

84.581
85.95
87 . 32

I

88.71

1

90.101

91.51,
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Specific Gravity of Nitric Acid at 15° Compared with
Water at 4°. Continued

Sv •"
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Specific Gravity of Ammonia Water at 15°C. Compared
WITH NVater of 15°C.

Spr. gr.

15°

15°
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Specific Gravity of Caustic Potash Solutions at 15°C.i
( Grams KOH per 100 grams solution)

Sp. gr.
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Specific Gravity of C.\lcium Chloride SoLtrTiONS at 15°C.

Q„ „, ' Pp"" pent.,
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Specific Gravity of Lead Acetate Solutions at 15°C.
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Specific Gravity of Sodium Carbonate Solutions at 15°C,.

Sp. gr.
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Densities op Some Saline and Acid Solutions^

Potassium chloride ....
Ammonium chloride. . .

Sodium bromide
Potassium Ijromide. . . .

Potassium iodide
Sodium nitrate
Potassium nitrate ....
Ammonium nitrate. . . .

Silver nitrate
Potassium carbonate.

.

Magnesium sulphate.

.

Sodium sulphate
Potassium bichromate.
Potassium ferricyanide
Hydrobromic acid : 14
Hydriodic acid 13
Phosphoric acid 15

.O'C,

.0°C,

.5°C.

.5°C.

.5°C.

.2°C.

.0°C,

.5°C.

.0°C,

.0°C,

.0°C,

.0°C

.5°C

.0°C

.0°C

.0°C

.0°C

1.031
1.015
1.038
1.035
1 036
1.031
1 031
1.020
1.042
1 .044
1 .053
1.045
034
025
033
036
026

065 1

030 1

078 1

073 1
076 1

1 .407

066
064
042
089
092
107
091
071
053
072
07611
Oooil

.135 .

058;.
.172 1.279
.157 1.253
.1641. 26911. 393 1 .7.S0

>140;i.222 1.313
.1351.
086,1.131
196
192
213

.321
300

1.179
1.476
1.417

113
157 1.255
164 1 209 1 .347
lis 1.180 1.253

1.283
1.916

1.420

1 " Annuaire pour 1914, Bureau des Longitudes."

BOILING POINTS

Boiling Points of the Metals
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Beginning of
evaporation
in caciio^

Boiling point
in racuo'

Boiling-point
760° mm.

I

Bismuth
Cadmium
Mercury
Potassium
Silver

Sodium
Zinc
Sulphur

993°C.
450
155
365
1360
418
550

1440°C.
749
357
667
1955
742
920
444.5

' According to 11. C. Greenwood.

BoiLixc Points of the Xon-mkt.\llic Elenient-s^

Visible

1 ebullition
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Regnault gives slightly different values, as shown in the
following table:

Boiling Point of Water at Different Barometer
Readings (Regnault)

Boiling point
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Boiling and Mkltinu Points of Organic Bodies*

Acetone ....
Acid:

Acetic.

.

Benzoic.
Butyric.

Carbonic.
Formic. . .

Stearic. . .

Succinic.

.

Alcohol:
Amyl. ...

Ethyl....

Methyl.
Aldehyde. . .

Aniline
Benzene. . . .

16.71
121.0

- 3.12

- 78.2
8.51

68.4
185.0

-130.0
(about)

- 6.0
5.4

57.1

118.1
249 . 1

162.0
(about)
-67.0
100.6

132.0
78.2

64.7
20,8
183.7
80.0

Camphor
Chloroform
Cyanogen
Ethane
Ether
Ethylene
Ethylene dibro-
niide

Glycerin
Methane
Naphthalene
Nitrobenzene. . . .

Phenol
Carbon disul-

phidc
Carbon tetra-
chloride
Toluene

177.7
63.2

•34.4
177.5
•117.6
169.0

- 20.0
-184.11
80.1
5.17

41.1

22.0
98.0

205 .

61.2
-20.7
-93.0

34 6
-102.5

IGO.O
291.0
-164.7
217.72
208.3
181.4

46.3

76.7
110.0

0.00002 ] 10

' For the molting points of the elements, see p. 254. For mcltinK points

of inorganic compounds, see p. 216 et seq. This table was taken from the
" Annuaire pour 1914, Bureau des Longitudes."

The Thermal Properties of Steam

Probably the most critical investigation yet made of the

thermal properties of steam was that of G. A. Goodenough of

the University of Illinois, from whose work the following for-

mulas are taken:
The relation found between the pressure and temperature

of the steam is as follows:

log p = 10.5688080 - ^^I^^ _ 0.0155 log T

- 0.004062587' + 0.00000400555 T^

[

^ \ 100 / ^L 100 JJ
where p is the pressure in pounds per square inch, and T the

absolute temperature in Fahrenheit units, while t is the tempera-

ture in Fahrenheit degrees. The absolute zero is taken as
— 459. 0°F. For the specific volume of the steam Professor

Goodenough gives the expression

:

V - 0.017 = 0.59465- - (1 + OMUQpV^) -—
p 1

where v denotes the volume in cubic feet per pound, and log

Ci = 10.82500. The "heat content" of steam at different

temperatures and pressures is:

i = 0.320r + 0.00006372 _ _^^

_ Cspd + a0342p^^) ^ Q ^jQ333^ ^ ^^g ^
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where
log Cz = 10.79155

The entropy of superheated steam is given by the relation:

1 1 7Q1 ^
s = 0.73683 log T + 0.0001267 - ^^- '^^'^

- 0.25355 log p -
C«p(l + 0.0342p)

0.08085

where
log C4 = 10.69464

The thermal properties of steam at very high pressures and
temperatures are stated to be as follows:

Tempera-
ture,

degrees F.

Pressure,
lb. per
sq. in.

Volume
of 1 lb.,

cu. ft.

Weight
of 1

cu. ft.,

lb.

Heat content of

Liquid, Vapor,
B.t.u. B.t.u.

Latent
heat,
B.t.u.

600.0
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Vapor Tensions op Various Metals^
(As calculated by J. W. Richards, "Metallurgical Calculations")

Vapor tension,
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Mean Values of the Vapor Pressure op AsjOj

Temper-
ature
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Capillary Constants for Molten Metals
(Given by Landolt, r X h = a-)^

These are the products of the rise (or degression) of the metal by the
radius of the tube, or the rise or depression in tubes of 1 cm. radius.

Metal S.W.Smith Quincke Siedentopf Grunmach

Selenium.

.

Antimony.

Bismuth. .

.

Lead

Mercury.

Tin

Cadmium..
Aluminum.

Zinc

Silver

Copper.

Gold...
Iron. .

.

8.65
6.91
7.53
8.36
8.12
6.72
6.73
14.57
14.55

[14.97
19.

19.

/28.
130.

15.

14.

/25.
\27.

.41

.90

.76

.98

.234

43

8.755

9.778

17.87

/ 7.39
\ 6.09,

10.27

21.25
No values given

StSckle
6.548

Gradenwitz
14.5

Heydweiller
6.90

Comparison of Values for Surface Tensions
Obtained by Various Workers

(Given by Landolt)'

of Metals

Metal
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The surface tensions of liquid metals are periodic functions of
their atomic weights. In each period the surface tension
decreases slightly, the metal of lowest atomic weight having the
highest surface tension.

Heat Conductivity (K)

A plate of the given substance 1 cm. thick, with parallel sides
having a difference in temperature of 1°C., conducts enough
heat per square centimeter per second to heat K grams of water
from 0° to 1°C. The table is one compiled from various sources.
See also Bering's Thermal Resistivity Table on p. 148.

Metals Temperature,
degrees C.

Aluminum
Aluminum
Aluminum
Antimony
Antimony
Bismuth
Bismuth
Bismutn
Brass, red
Brass, red
Brass, yellow
Brass, yellow
Cadmium
Cadmium
Cadmium
Copper
Copper
Copper ;

Copper (containing iron)
Copper (phosphor bronze)
Copper (phosphor bronze)
German silver
German silver
Gold
Iron
Iron, wrought (1 per cent. C.)
Iron, wrought
Iron, wrought
Iron, wrought
Iron, wrought
Iron, wrought
Iron (pure)
Iron (Bessemer steel)
Iron (puddled)
Lead
Lead
Magnesium
Mercury
Mercury
Mercury
Nickel
Palladium
Platinum
Silver
Steel (1 per cent. C.)
Tin
Tungsten
Wood 8 metal (99.0.5 Bi + 0.95 Sn)

.

Wood's metal (93.86 Bi + 6.14 Sn).
Zinc

18
100

-IGO
to 30
100

100
-186

100

100

100
-160

100
-160
to 30

100
31
100
18

-160
18
50
100
150
200
275
18
15
15
18

100
to 100

50
100

18
10 to 97
10 to 97

18
to 30
18

to 30

0.501
0.492
0.514
0.044
0.040
0.0177
0.0161
0.025
0.2460
0.2847
0.2041
0.2540
0.02213

. 02045
0.239
1.0405
0.908
1.079
0.954
0.7198
0.7226
0.081
0.0887
0.700
0.152
0.144
0.1772
0.1567
0.1447
0.1357
0.1240
0.161

. 0964
0.1375
0.083
0.076
0.376
0.01479
0.01893
0.024
0.14
0.17
0.19
1.096
0.115
0.151
0.36
0.008
0.012
0.303



PHYSICAL CONSTANTS 147

Xon-metals Temperature,
degrees C.

Air
Cement
Coal
Cotton (compressed).
Cotton wool
Felt
Flannel -

Glass (crown)
Glass (flint)

Ic

Plaster of Paris
Paraffin
Quartz sand
Slate
Sulphuric acid
Water
Water
Wood (dry pine), dry walnut
Alumina brick
Asbestos paper
Cardboard
Coke powdered
Cork
Firebrick
Firebrick
Firebrick dust
Gas retort carbon, solid
Graphite
Graphite-retort dust
Infusorial earth
Infusorial earth
Magnesia brick
Magnesia-calcined Grecian granular.
Magnesia-calcined light porous
Magnesite-brick dust
Mica (perpen. to cleavage)
Paper
Rubber, Para
Sawdust
Slag wool

below 0°

below 0°

below 0°

below 0°

10-15
10-15

18-98
below 0°

9-15

40.8

0°-700°

0°-100°

0°-1300°
0°-500°

20°-98°
0°-100°

20°-100°
17°-98°
0°-6.50°
0°-1300°

20°-100°
20°-100°
20°-100°

0.00057
0.0001625

. 000405
0.00055
0.0004

. 00009

. 000355
0.00163
0.00143
0.005
0.0013

. 0006

. 00060
0.00481

. 000765
0.001203
0.001555

. 0004

. 00204

. 0006

. 0005

. 00044
0.00013
0.00310
0.00140

. 00028
0.0177
0.012

. 00040
0.00013

. 00038

. 00620
0.00045
0.00016

. 00050
0.018
0.0003

. 00045
0.00012
0.00019



148 MET.\LLURGISTS AND CHEMISTS' HANDBOOK

Table of Thermal Resistivities^

Approximately i\ Order of Resistivity
(Ti'iiiperature in Centigrade degrees)

Thermal ohms'

Silver, O'-lOO"
Copper (electrode mean), 100°-197°
Copper (electrode mean), 100°-837°
Copper, 0°-100°. about
Copper
Copper, cast
Copper, rolled
Copper, rolledi
Aluminum, 0°-100°
Graphite, Acheson (electrode mean), 10O°-390'
Graphite, Acheson (electrode mean), 100°-914'

Brass, 0°-100°
Iron (electrode mean), 100°-398°
Iron (electrode mean), lOC-SgS'
Iron, wrought
Iron, wrought, 0°
Iron, wrought, 275°
Iron, wrought
Iron, cast
Iron, cast, 30°
Steel
Steel
Steel, various
Steel, 10 per cent, manganese
Platinum
Platinum, 18°-100»
Platinum

' Hering uses an expression, the thermal ohm, which is the resistance
through which 1 watt of heat flow will pass when the temperature drop
is 1°C. Hence, if R is the thermal resistance in thermal ohms, W the
flow of heat in watts and T the temperature in Centigrade degrees:

T

Or if r is the specific thermal resistance in thermal ohms i>er centimeter
cube then

where L is length and S is cross section.
To reduce a thermal conductivity in gram calories per second to resistivity

in thermal ohms, mujtiply the reciprocal of the conductivity by 0.2388,

when both are for 1 cm.' To reduce gram calories to watts, multiply by
4.186. In order to compare thermal resistivities Mr. Herino called that of

silver the unit, and reduced all values to this base.
To use the data of the table for all purposes it may be remembered that

watts X 0.00134111 = horse power
watts X 0.0568776 = B.t.u. per minute.



PHYSICAL CONSTANTS 149

Thermal ohms'

Inch
cube
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Thermal ohms.'

Inch
cube

Centi-
meter
cube

Ebonite, 48°
Petroleum, 13"
Wood pine, parallel to fiber

Many li<iuids (hydrocarbons, etc.)
Anthracite
Chalk, 20°-155°, 25.3 per cent, solid matter...
Very porous slag, 22.5 lb. per cu. ft., 50°

Zinc white, 20°-155°, 8.8 per cent, solid matter
Infusorial earth, 21°-175*
Infusorial earth 20°-155°, 11.2 per cent, solids.

Infusorial earth, 20°-155°, 6 per cent, solid
matter

Infusorial, earth, burned, 12.5 lb. per cu. ft.,

450°
Infusorial earth, burned, 12.5 lb. per cu. ft., 50°
Infusorial earth, loose, 21.8 lb. per cu. ft., 350°.
Infusorial earth, loose, 21.8 lb. per cu. ft., 50°.

Infusorial earth
Magnesia carb., 85 per cent., 20°-18S°
Magnesia, calcined, 20°-155°, 28.5 per cent.
solids
Magnesia, calcined, 20''-155°, 4.9 per cent.
solids
Magnesia calcined, 20°-155°, 2.3 per cent.
solids
Magnesia, calcined, 21°-175°
Charcoal, pine, 20°-155°, 11.9 per cent, solid
matter

Charcoal, from leaves ,11.9 lb. per cu. ft., 100°
Charcoal, from leaves, 11.9 lb. per cu. ft., 50°.
Charcoal
Feathers, 20°-155°, 2 per cent, solid matter
Sawdust, 13.4 lb. per cu. ft., 50°
Sawdust
Sawdust, 13.4 lb. per cu. ft.. 50°
Cork, granulated and compressed, 20°-188°. .

.

Cork, ground, 10 lb. per cu. ft., 200°
Cork, ground, 10 lb. per cu. ft., 50°
."kir, 20°-155°
.\ir, 0°
Cotton wool, 20°-155°, 1 per cent, solid matter.
Cotton wool, 20°-155°, 2 per cent, solid matter.
Cotton wool, 5.05 lb. per cu. ft., 100°
Cotton wool, 5.05 lb. per cu. ft., 50°
Cotton wool
Cotton wool, loose
Cotton wool, compressed
Hair felt, 20°-155°, 9.2 per cent, solid matter. .

Hair felt, 21°-175°
Hair felt

Hair felt, below 0°
Lampblack, 20°-155°, 5.6 per cent, solid matter
Fine quartz sand
Silk, 6.3 lb. per cu. ft., 100°
Silk. 6.3 lb. per cu. ft., 50°
Wool, sheep's, 20°-155°, 2.1 per cent, solid

matter

251
265
313
313
317
332
356
398
415
435

472

263
477
427
562
745
537

160

544

616

637
672
796
796
803
844
905
1010
1050
1110

1200

1675
1220
1090
1430
1890
1370

470

1380

554
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Thermal ohms'

Inch
cube

Centi-
meter
cube

Refer-
ence

Wool, sheep's, 8.5 lb. per cu. ft., 50°
Wool, sheep's, 8.5 lb. per cu. ft., 100
Wool, sheep's
Mineral wool, 21°-175°
Mineral wool, 0°-lS°
Hard rubber
Wood, pine, radially
Loose fibrous materials, 9°
Flannel

676
745
803
737
1010
1060
1070
1540
2650

1720
1890
2050
1870
2570
2680
2720
3920
6720

N
C
N
B
C
LB
LB
LB
LB

B—George M. Brill. Trans., Am. Soc. Mech. Eng., XVI, p. 827-
Coverings on 8-in. steam pipes.
C—J. J. CoLEMA.v. Engineering, Sept. 5, 1834, p. 237. Ice melted in

cube surrounded with the materials. Temperatures 0-18° and 0-38° C.
The values were given relatively to each other; to reduce them to absolute
measure it is here assumed that the value for sawdust is 620, thermal ohm,
inch cube units.

CE

—

Clement and Egt.
CJ—CULVERT and Joh.vson. Relative values based on silver. Reduced

here on the basis that the conductivity of silver is 1.0 in gram calories per
second, centigrade, centimeter cube units.
D

—

Depretz, Hood. " Warming and Ventilating Buildings," p. 249.
Given relatively to marble, here assumed to be 10 thermal ohms, inch cube
units.
H

—

Carl Hering. "The Proportions of Electrodes for Furnaces."
(Table.) Paper read before the Am. Inst. Elec. Eng., March 31, 1910.
Mean values when materials are used as furnace electrodes.
LB

—

Landolt and Boernstein tables. The values here chosen are
mostly approximate means of the generally numerous and sometimes
greatly differing values given by different observers. For the individual
values and for the authorities see those tables. They also include values for
very many other materials.
N

—

Wilhelm NcssEL. Zeit. Ver. Deut. Eng., June, 1908, p. 906, table,

p. 1006. Materials were placed between two concentric metallic spheres or
cubes. Heat generated electrically in interior. Temperature measured
with thermocouples at numerous depths in the material after several days'
beating. As here given they represent the resistivities at the temperatures
stated, not the means over a range. Probably the best and most reliable
determinations published. His conductivities are here assumed to be in
terms of kilogram calories per hour, centigrade, meter cube, units; although
not so stated directly in the original, it is undoubtedly what is meant. An
abstract appeared in the Eng. Digest, August, 1908, p. 168, in which the units
are reduced to thermal units, feet, inches and Fahrenheit degrees; the
formula there given omits to say that it is necessary to multiply by the
temperature also.

O

—

Prof. Ordwat. Trans., Am. Soc. Mech. Eng., Vol. VI, 1884-5, p.
168. Tested in plates 1 in. thick between two flat iron surfaces, one of them
heated by steam, the heat emitted by the other being measured calorimetric-
ally. Extended, carefully made researches: presumably very good values.
There is an error in the heading in Table VII; square inch should read square
meter, as in the others.
P

—

Peclet, Box. "Practical Treatise on Heat." Presumably ordinary
weather temperatures.
S—-H. G. Stott. Power, 1902. Pipe coverings. 200 ft. of 2-in. pipe heated

electrically to constant temperature. Coverings were somewhat over 1 in.

thick; they are here reduced to 1 in. Heat transmitted to air, hence these
resistances include that at the surface.W

—

Wolff. Jour. Frank. Inst., 1893. The transmission of heat from
the interior to the exterior of buildings through the walls; hence ordinary
weather temperatures. Prescribed by law by German Government for heat-
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ing plants.
_
Said to agree well with good American practice. The value

here given is an average of all the individual ones, omitting the first one,
which differed greatly from all the others.
WF—WiEDE.MANN and Franz; relative values based on silver. Reduced

here on the basis that the conductivity of silver is 1.0 in gram calories per
second, centigrade, centimeter cube, units.
WQ—WoLOQDiNE, QuENEAU. The temperatures were about 1000°C.;

the materials were those of commerce and do not refer to extra pure or to
inferior grades. The present writer is of the opinion, based on the method
used in the tests, that these values are probably too low.
Z—Source lost, but probably fairly good values.
For further information the reader is referred to Metallurgical and Chemical

Engineering, September, 1909, p. 383; February, 1909, p. 72; December,
1911, p. 652.

According to William Nussel, thermal conductivity increases by Ji?.*

for each degree Centigrade rise in temperature.

Thermal Conductivity of Refractories'

Woodland
firebrick
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wave as it travels into the body, the rate of this penetration will

depend not onlj' on the conductivity, but on the specific heat
and 'density of the material as well. This is taken account of

in the constant h which is defined by the relation

cp

k, c and p being respectively the conductivitj', specific heat and
density of the material. The quantities x, h and t being known,
T can be determined. Tables I and II give the values of this

integral, and of the constant h^, or thermal diffusivity.

Table I.

—

Values of Integral E = —p | e~

V 71v_
2hVt

x/2hVt
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Taule II.

—

Values of Thermal Conductivity Constants in
C. G. S.> Units'

Material
Tempera-

ture,
deg. C.

Con-
ductiv-
ity, A:

Dif-
fusiv-
ity, ht

Air...
Aluminum
Brass (yellow)
Brick (firebrick).. . .

Brick (in masonry)..
Concrete (cinder).. .

Concrete (stone).. .

.

Copper
Cork (ground)
Glass (ordinary).. . .

Granite
Ice.,

18

0-800

Iron (wrought or mild steel)

Iron (cast, also high-carbon steel)

Lead
Limestone
Magnesium carbonate (85 per cent.
steam-pipe covering)
Marble (white)
Nickel
Rock material, average
Sandstone
Silver
Snow (fresh)
Soil (average, Jamp)
Soil (very dry)
Water
Wood (dry pine—across grain^
Wood (dry pine—with grain)

18

18

is'

000055
480
204
0040
0020
00081
0022
918
00012
0024
0081
0052
1436
108
0827
0050

00017
0050
142
0042
0050
006
0003
0037
00088
00143
00009
00030

0.179
0.826
0.339
0.0074
0.0050
0.0031
0.0058
1.133
0.0017

. 0057
0.0155
0.0112
0.173
0.121
0.237
0.0092

. 0090
0.152
0.0118
0.0133
1.737

. 0033

. 0055
0.0031
0.00143

. 00068
0.0023

Flow of Heat Inward from Two Heated Faces

If a plate or slab of tliickness I and initial temperature zero

have both its faces suddenly heated to and kept at To, the tem-
perature T in the middle plane, which will obviously be the last

part of the body to heat up, mav be obtained from the equation

\ IT l^ 6w I' I

I being the time in seconds and h?- the thermal difTusivity. To
' The use of this system is almost compulsory in cases where thermal

diffusivity is involved, since it is the only one in common use which is consist-

ent in its choice of fundamental units. Thus the steam engineer's con-
ductivity unit of the B.t.u. per hour, per square foot, per degree F., per inch
in thickness, is not available in this case since it involves two different
units of length, i.e., the inch and foot. Similar objections may be raised
against most of the other units in common use with the exception of the
C. G. S.

Most of the values for metals are those of Jaqer and Diesselhorst, Abh.
d. phys-tech. Reichsanstalt, Vol. 3, p. 269 (1900). The others have been
compiled from various sources. When not otherwise specified, ordinary
temperatures are assumed.

' This table is also taken from IhfOERSOLL'a article. Some of these con-
stants differ from those given in the table on p. 146, but the differences are not
serious, and since his diffusivity constants have been computed on this basin,

it seems better to let the table stand as originally printed.
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simplify computation, the values of this series have been tabu-
lated as in Table III.

Table III.

—

Values of the Function

y = 1 - — flO-x - 4-10-'^ + 4-10-"x_
X \ 6 O >'here 1 = 0.434

hhrU

I
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peraturc for upwards of 10 hours to insure that the interior

temperature is uniform to a small fraction of a degree.

Relative Conductivities of Metals for Heat and Electricity

The following table, compiled from various sources, is

intended to show merely the general correspondence between
conductivity for heat and for electricity. For ordinary work,
the table of heat conductivities just preceding, and of electric

resistivity just following, should be used. The electric conduc-
tivities are the reciprocals of the resistivities given in the later

tables.

Metal (in vacuo) Heat Elec-
tricity

Metal (in vacuo) Heat Elec-
tricity

Silver 100
Copper

I

74
Gold. 54.8
Aluminum ! 31.33
Zinc

I

28.1
Brass 24
Cadmium 20.06
Tin ' 1.3.4

100
77.43
55.19

27.39
22.0

Iron
Steel
Platinum
Lead
German silver

.Antimony. . . .

Bismuth
Mercury

11.9
10.3
9.4
7.9
6.3
4.03
1.8
1.3

14.44

10.53
7.77
6.0

Rkl.\tiox of He.^t asu Electric Cont)Uctivity»

Material
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Resistivity of Metals
(Microhms per cm.')

157
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Resistivities at High Temperatures'
I Values in italics are merely exterpolated)

rti)(>'(\
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1500°C.
2732°F.

Microhms,
cm. cb.

loOO°C.
2732°F.

Microhms,
cm. cb.

Silver, fused
Copper, fused
Aluminum, fused. . .

.

Gold, fused
Molybdenum, solid. .

Tungsten, solid

Tungsten (b), solid.

.

Platinum (bl, solid.

.

Tantalum, solid (bt..

Tantalum, solid (a)..

Tin, fused
Platinum (a), solid.

.

Iron (a), solid, about
Calido, solid

Lead, fused

23.0
24.8
29.0
37.0
40.5
43.0
50.0
52.6
74.4
78.0
80.5
98.0
131.0
136.0
148.0

Iron (b), fused

Graphite (b)
Graphite (a)

Carbon (d)

Carbon (a)

Carbon (b)

Xernst filament, about,
Refrax
Silfrax B
Carbon grains (b)

Graphite grains
Kryptol
.\lundum, about

166.0
Ohms

. 00058

. 00089
0.0016
0.0022

. 0029
0.5
0.5
0.7
0.85
1.2
3.4

750.0

Notes.—The resistivity depends to some extent on the state

of the metal. In general, cold drawing increases while anneal-
ing diminishes the resistance. Winding a wire into a coil appar-
ently increases its resistance. For pure metals the resistance

is roughly proportional to the absolute temperature and would
apparently vanish at absolute 0°. For alloys the rule does not
hold even approximately. For pure metals the Brinxell
hardness number is indirectly proportional to the electric

conductivity.
In "Engineering," Apr. 3, 1914, appeared a table of the

relative resistances of metals in the liquid and solid states at

the melting point.

Metal
resistance of liquid

resistance of solid
at melting point.

Sodium
Potassium
Tin...
Cadmium
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VoLTTME Resistivity of Solid Dielectrics^
(Materials arranged in order of decreasinj? resistivity)

Resistivity
ohms-cm.

ooobxib^'
5000X10"
.5000X10"
1000X10"

i 200X10"
100X10"
50X10"

I 50X10"

50X10"
40X10"
20X10"
20X10"
20X10"
20X10"
20X10"
10X10"
10X10"
10X10"
8X10"
8X10"
8X10"
5X10"
3X10"
3X10"
2X10"
2X10"
2X10"
2X10"
1X10"
1X10"

Material

Special paraflSn over
Ccreain over
Fused quartz over
Hard rubber
Clear mica
' Sulphur
' Amoerite
' Rosin
' Mica (India ruby slightly
Btained)

G. E. No. 55 R
Hallowax No. 505.5 B. . .

.

Micafbrown African clear)
Bakelite L558
' Electrose No. 8
Selenium (in dark)
» Parowax (paraflBn')

Glyptol
JShellac
Kavalier glass
"Insulate No. 2
' Sealing wax
' Yellow electrose
* Duranoid
sMurdock No. 100
' Yellow beeswax
Khotinsky cement
Ebonite
Porcelain
»G. E. No. 5.5A
' Sloulded mica

Unglazed porcelain 300X101=
Redmonite (157.4) 200X10'-

Material

Black electrose
Tetrachlornaphthalene..
Mica(India ruby stained)
German glass
Paraffined mahogany. .

.

Stabalite
Plate glass
Hallowax No. 1001
Dielectrite
Gummon
Tegit
Opal glass

Paraffined poplar
Paraffined maple
Italian marble. . .

Bakelite micarta
Black condensite
Yellow condensite
Vulcabeston
White celluloid
Hard fiber

Black galalith
Lavite
White galalith
Hermit
Red fiber

Marble, pink Tennessee.
Gutta percha. . .

.'.

Marble, blue Vermont.

.

Ivory 200X10'
.Slate 100X10«
Bakelite No. 140 20X10»

' From publications of U. S. Bureau of Standards.
' .\pparent resisti\'ity taken after the voltage had been applied for 15

minutes.

It should be noted that the superficial resistivity in moist air

may be 10 to 100,000 times less than the internal resistivity,

and that to a large extent it is the skin resistance that determines
the usefulness of a conductor.
The following table of superficial and volume resistivities is

taken from La Genie Civil, June 30, 1917, and is for a satura-

tion of 90 per cent, moisture in the air surrounding the dielectric.
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Bakelite No. 1

Bakelite No. 558
Celluloid
Ebonite (new)
Fiber (red)
Ivory
Marble—Italian

Tennessee
Vermont (blue)

Mica (clear)

Micanite
ParafiBn
Porcelain (enameled) ....
Porcelain (not enameled)

.

Quartz (fused)
Shellac
Slate
Sulphur
Wood—acacia paraffined.

•—maple paraffined.—poplar paraffined.

Internal
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Resistivity of Electrolytes
(KoHLn.^uscii and IIolborn)

Grains sub-
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Resistu'ity of Electrolytes. Continued
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Resistivity of Electrolytes. Continued

Nitric acid Sodium hydrate
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Electrostatic Separation^

List of Minerals
Good conductors Poor conductors

Native metals Quartz
Pyrite Quartzite
Pyrrhotite Calcite

Chalcopyrite Limestone
Galena Porphyries
Garnet Slates

Molybdenum Sandstones
Copper glance or chalcocite Garnet
Silver glance or argent ite Spinel

Gray copper or tetrahedrite Blende or sphalerite

Most sulphides Smithsonite (ZnCOs)
Most copper minerals Barite

Most iron minerals Gypsum
Most silver minerals Granite
Most manganese minerals Fluorspar
Tellurides Most silicates

Hornblende Most gangue rocks
Black sands Monazite

THE ANNEALED COPPER STANDARD
Translation from the French text adopted at the Inter-

national Electrical Commission, Berlin.

Report of the National Laboratories Concerning an
International Standard for Copper

/. Annealed Copper

The following values should be taken as normal for annealed
standard copper.

1. At 20°C., the resistance of an annealed copper wire 1 meter
long and having a uniform cross-section of 1 sq. mm. is \i^
ohm = 0.017241 . . . ohm.

2. At 20°C., the density of annealed copper is 8.89 grams per
cubic centimeter.

3. At 20°C., the coefficient of variation of resistance with
temperature of annealed copper, measured between potential

terminals rigidly attached to the wire (constant mass), is

0.00393=^54-5 per deg. C.

4. Consequently, it follows from (1) and (2) that, at 20°C.,

the resistance of an annealed copper wire of uniform cross-section

1 meter long and having a mass of 1 gram is (J^s) X 8.89, or

0.15328 . . . ohm.

//. Industrial Copper

1. The conductivity of annealed copper should be expressed
at the temperature of 20°C. in percentage of that of standard
annealed copper, and ordinarily to a precision of 0. 1 per cent.

1 R. H. Richards, "Ore Dressing," Vol. III.
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2. The percentage conductivity of annealed industrial cop-
per should be computed in accordance with the following rules:

(a) The observation temperature should not differ from 20°C.
by more than 10°C.

(b) The resistance of a wire of industrial copper one meter
long and of 1 sq. mm. cross section, increases 0.000068 ohm
per deg. C.

(c) The resistance of a wire of industrial copper 1 meter
long and of 1 gram mass, increases O.OOOGO ohm per deg. C.

(d) The density of industrial annealed copper at 20°C. should
be taken as 8.89 grams per cubic centimeter.

This value of the density should always be employed in the
computation of conductivity in percentage of that of the
annealed copper standard.

It follows from the above that if R is the resistance in ohms,
at t deg. C. of a wire having a length of I meters and a mass
of m grams, the resistance of a wire of the same copper 1 meter
long and 1 sq. mm. cross-section will be

Rm/(l^ X 8.89) ohms at t deg. C. and
ftm/(P X 8.89) + 0.000068(20 - ohms at 20''C.

The percentage conductivity of this copper is thus

100 X
0.01724

^-3-^+0.000068(20-0

Similarly, the resistance of a wire of the same copper 1 meter
long and 1 gram in weight is

Rm,'P ohms at l°C., and
Rm/l^ + 0.00060(20 - ohms at 20''C.

The percentage conductivity is thus

0.1533
100 X
^ + 0.00060(20 -

Note 1. The standard values given in (/) are mean values
deduced from a large number of tests. Among a number of

samples of copper of normal conductivity, the density may differ

from normal density up to 0.5 i)er cent., and the temperature
coefficient of resistivity may differ from the normal up to 1 per
cent.; but between the limits indicated in (//) these deviations
will not affect the values of the computed percentage conduc-
tivity, if the resulting values are limited to four significant digits.

Note 2. The values above stated correspond to the follow-

ing physical constants for standard annealed copper, all at the

temperature of 0°C.

Density, 8.90 grams per cubic centimeter.
Coefficient of linear expansion 0.000017 per deg. C.
Resistivity, 1.5879' microhm-cm.
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Volume resistivitj' temperature-coefficient 0.00429'^ per deg.
C. from and at 0°C.

Resistance temperature coefficient at constant mass, 0.00427
= ^34.5 per deg. C. from and at 0°C.

Kelvin's Rule for Power Transmission

The most economica/ section of conductor is that for which
the annual interest on capital outlay is equal to the annual cost

for energy wasted.

Copper Wire Table

Solid wires are not made larger than No. 0000. A solid wire larger than
a No. 3 is infrequently used, and the constants for wires larger than a No. 3
are given for stranded wires. Although wires are sometimes used as large
as 2,000,000 circular mils, wires larger than 1,000,000 circular mils are not
common, and are omitted from the table. The carrjing capacities are those
prescribed by the National Electrical Code.

Gage
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Properties of Re.sistor Wires'



PHYSICAL CONSTANTS 169

The general subject of fusing currents for copper wire was
investigated by W. H. Preece, who developed the formula:

/ = ad^^ where / is the fusing current in amperes, d is the
diameter of the wire in inches, and a is a constant depending
on the material. He found the following values for a.^

Copper
Aluminum . . .

.

Platinum. . . . .

German silver

Platinoid

10,244
7,585
5,172
5,230
4,750

Iron
Tin
Solder (2 Pb : 1 Sn)..

Lead

3,148
1,642
1,318
1,379
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mation has hitherto been a\'ailable concerning sparking dis-

tances between metallic conductors and walls in workshops and
on switchboards, etc. This problem, which is obviously of great
practical importance was recently investigated by Gino Rehora
(see also Atti dell' Associazione Elettrot. Italiana No. 31,913),
and the first result deduced was the fact that a grain of dust or a
fine hair or fiber would often suffice to start discharge from a
high-tension conductor. A point or anguhirity in a conductor
may cause a discharge to occur which would otherwise require
30 per cent, higher pressure than that actually operative; it is

therefore ver\' desirable that all metal subject to high-tension
current should be as free as possible from points and angularities
of any kind. The black lines frequently seen on switchboards
and walls behind high-tension conductors reveal the presence
of sustained feeble discharges which bombard the surface near
the conductor with particles of dust.

From observ^ations made in 30 installations, working at pres-
sures between 3000 and 110,000 volts, Rebor.\ derives a curve
showing the minimum safe distance between conductor and
earthed walls or metal covers, etc. As shown by the following

data, his limits are rather less stringent than those recommended
(but not always observed) by the G. E. C:

P. D. j
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Thermoelectricityi

When two different metals are brought into contact so that
he two junctions are at different temperatures, there will usu-
lly be a slight current of electricity produced. The effective

lectromotive force is

{T, - T,)[iB' - B") + (C - C") ^' + ^^

) ]
"^°^*^ ^

100,000,000

rhere T2 and Ti are the temperatures of the junctions, and
i and C constants as given in the following table:

Metal
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Specific Gravities and LTmt Weights of Solids and Liquids

Substance
Average
sp. gr.

(water = 1)

Average
weight

(lb. per ou. ft.'*

Alcohol, pure at 20°
commercial

Aluminum (cast)

(rolled)
Antimony
Argon (liquid, — 185°)
Arsenic (amorphous)

(crystallized)
(molten)

Asbestos
Ashes (packed)
Asphalt (1 to 1.8)

Barium
Beryllium
Bismuth (com'l)

(distilled)

(molten)
Boron
Brass, cast (7.8 to 8.4) 70 Cu. 30 Zn.

rolled, 70 Cu. 30 Zn
Brick (fire)

(soft)

Brickwork, masonry (1.8 to 2.3)

Bromine (at 0°C.)
Bronze (8.7 to 8.9)

Cadmium
(molten)

Caesium
Calcium
Carbon disulphide
Celluloid
Cement, loose

Cerium
Chalk
Charcoal
Chromium ••

Clay (1.8 to 2.6)

Coal, anthracite (1.3 to_1.7)

bituminous (1 .2 to 1 .5)

cannel, gas coal (1.18 to 1.28)

lignite, brown coal

Cobalt
Coke, loose piled
Concrete
Copper, cast (8.6 to 8.8)

deposited
molten
rolled (8.8 to 8.95)

Cork .

Diamond
Earth, loose to well rammed

wet, flowing mud
Emery
Erbium
Ethyl ether
Gallium
Germanium
German silver

0.789
0.834

2.56-2.71
2.66
6.71
1.4
6.71
5.73
5.71
3.2
0.72
1.4
3.78
1.93

9.74-9.92
9.78
10.04
2.45
8.1
8.4

3.187
8 8

8.60^8.70
7.99
1.87
1.85
1.29
1.4

1.3-2.0
6.68
2.5

6.52-6.73
2.2
1.5
1.3
1.23
1.1

8.50-8.80

2.3
8.7
8.92
8.22
8.9
0.24
3.52

4.0
4.97
0.735
5.92
.5.47

8.45

I From Kaye and L.\BY'.-i

figure appears high.

•Physical and Chemical Constants.
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Specific Gravities and Unit Weights of Solids and Liquids

Substance
Average
sp. gr.

(water = 1)

Average
weight

(lb. per cu. ft.)

Glass
( heavy flint)

Glycerin
Gold (19.25 to 19.37) (20 Karat = 16.47)

(distilled)

Granite (2.56 to 2.88)
Graphite (average value)
Gravel, loose
Greenstone (trap)
Gypsum, ground or calcined, loose
well shaken
uncalcined

Hornblende
Ic
Iodine
Indium
Iridium
Iron, cast gray, 7.08, white..

(molten)
rolled .'

wrought, sheet (7.6 to 7.9)

.

Ivory
Lanthanum .•....
Lead

2.52
2.93
1.26

19.31
19.27
2.72
2.2

0.92 '

4.95
7.12

22.42
7.6
6.88
7.68
7.8

1.8.3-1.92
6.15

11.34-11.40 1

Lignite. .;....
Lime (quicklime)

ground, loose (66 lb. per bushel)

.

Limestone
Lithium
Loam
Magnesium
Manganese
Marble (2.5 to 2.8)
Marl

.

Mercuryi (32°F.)

.

(62°F.)
solid, - 40°F.

.

Mica.
Molybdenum
Mortar
Neodymium

._ ._

Nickel .'.....'.' ."

Niobium
Oils (0.910 to 0.975), weight given in pounds

per gallon:
Animal, lard
sperm (pure)
whale

Mineral, petroleum (crude)
gasolene
kerosene (coal oil)

naphtha
Vegetable, cottonseed

linseed (boiled)
(raw)

olive
rape (colza)

1.5

2.7
0.59

1.74
7.392
2.65

13.5955
13.555
15.632
2.8
8.60

6.956
8.86
12.7

0.916
0.880
0.925

0.77-1.06
0.700
0.8C0
0.730
0.923
0.933
0.780
0.917
0.915

157.0
200.0
88.7

1203.0
170.0
137.0
95-120
170-200
56.0
64.0
130-150
200-220
57.5

309.0
444.0
1400.0
450.0
429.0
480.0
485.0

384.0
707-711
75.0
93.75
53.0
168.0
36.8
65-100
109.0
461.0
160-180
100-140
850.0
847.0
976.0
175.0
537.0
90-105

434 .

553.0
793.0

7.64
7.34
7.72

5.84
6.68
6.09
7.70
7.79
6.51
7.65
7.63

' See also special table on p. 176.
• Given as 8.30 by Ntstbom.
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Specific Gravities and Unit Weights op Solids and Liquids
1 Average

Substance sp. gr.

(water —
Oemium
PallBdium
Peat (dry, unpressedl
Phosphorus (red)

(whiter
Pitch
Platinum wire
Potassium .

_.

PrsBseodymium
Pumice
Quartz

(broken)
Rhodium
Rosin
Rubber, hard (purei
Rubber, hard (commercial) . .

Salt *...

Samarium
Sand (dry)

(wet)
Sandstone (2.1 to 2.71

Selenium (gray metal)
(red)

Shale (2.4 to 2.81
Silicon (arnorphous)

(crystallized)
Silver (cast)

(electrolytically deposited)

.

( molten)
Slate (2.7 to 2.9)

Snow (fresh, dry)
(wet)

Soapstone
Soda ash
Sodium
Steel (7.69 to 7.93)'
Strontium
Sugar
Sulphur
Tallow
Tantalum
Tar
Tellurium
Thallium
Thorium
Tin (cast)

(molten)
Titanium
Traprock
Tungsten
Uranium
Vanadium
Water' (max. density 4°C.) .

.

(pure, 62°F.)
(pure, 212°?.)
sea, average

Wai (bees)

22.48
11.90

2.34
1.837
1.155

21.5
0.875
6.475

2.65

12.60
1.1

1.12-1.25
1.25-1.40

7.75

2.4
4.8
4.47
2.6
2.00
2.195
10.75
10.53
9.51
2.7

2
972
85
54
6
2.07
94
6

25
85
16
29
02
87

»

3-20.
69
50

999
958
028
97

I

Average
1 weight
l(lb. per ou. ft.)

' Pure and soft. The specific gravity decreases as the carbon increases.
' See special table on p. 175 for water.
• Given in Hofman's "General Metallurgy" as 5.30.

Note.—Most of the constants for the chemical elements are taken from the
" Annuaire pour 1915 der Bureau des Longitudes." omitting the last figure.

For the specific gravities of the metals, there are usually two values given.

The low figures are usually those of oaat metals, the high ones of metal either

finely rolled or drawn into fine wire.
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Substance
Average j Average
sp. gr. weight

(water = I) (lb. per cu. ft.)

Wood, dry, seasoned:
Ash, white
Birch
Cedar, white . . -.

red
Cherry.
Chestnut
Elm
Ebony
Fir, Douglas
Hemlock
Hickory
Mahogany, Spanish.

Honduras
Maple
Oak, live

white
black, jack, etc. . .

Pine, white
yellow. Northern..

Southern
Poplar (cottonwood)

.

Spruce
Sycamore
Walnut

Yttrium
Zinc

_
( molten)

Zirconium

0.6-0.8

0.8

0.52

3.8
7.15
6.48
6.25

38.0
41.0
23.0
35.0
42.0
41.0
35.0
76.0
20.0
25.0
53.0
53.0
35.0
49.0
59.0
48.0
35-45
25.0
34.0
45.0
33.0
25.0
37.0
37.0

237 .

446.0
405 .

390.0

Densities of Water at Different
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Propertie.s of W.\teu'

Tempera-
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Kirby's Table of Weights op Ore in Place'

Material

Weight per cubic
foot

Cubic feet per ton

Theoret- Prac-
ically,2 tically,

pounds pounds

Theoret-
ically

Prac-
tically

Galena
Pyrite
Blende
Hematite
Limonite
Dolomite
Limestone, andesite, syenite .

.

Vein quartz, granite and granitic
rocks

Clay, quartz, porphyry, trachytes,
rhyelites

Vein quartz, with 15 per cent, galena.
Vein quartz, with 15 per cent, pyrites
Vein quartz, with 10 per cent, hema-

tite

465
313
250
303
238
175
168

168

163
187
180

426
286
235
267
213
160
154

148

136
164
160

4.3
6.4
8.0
6.6
8.4
11.4
11.9

11.9

12.3
10.7
11.1

4.7
7.0
8.5
7.5
9.4
12.5
13.0

13.5

14.5
12.2
12.5

12.9

'R. H. RiCH.\RDS, "Ore Dressing, Vol. II."
2 Calculated from specific gravity of pure unaltered specimens.

McDonald's Table of Weights of Ore^

Material

Weight per cubic
foot

In place,
|
Broken,

pounds pounds

Cubic feet per ton

In place Broken

Granite and porphyry.
Gneiss
Greenstone and trap .

.

Limestone
Slate
Quartz
Sandstone
Earth in bank
Earth dry and loose. .

.

Clay
Sand

170
168
187
168
175
165
151
111

118
80

97
96
107
96
95
94

11.8
11.9
10.7
11.9
11.4
12.1
13.2
18.0

20.6
20.8
18.7
20.8
21.1
21.3
23.3

74 27.0
17.0
25.0

• Probably for ore as delivered to mill.

Weight of Rock and Sand^

Cubic feet
per ton

Weight in
pounds per
cubic foot

Sulphide ore in place
Sulphide ore broken
Oxidized ore in place
Oxidized ore broken
Quartz in place (sp. gr. = 2.65)

.

Quartz broken
Earth in bank
Earth, dry and loose
Clay.
Loose sand
MiU taiUng2 (sp. gr. 2.7)
Sand collected under water
Transferred sand (before leaching)

.

Leached sand (after transferring) .

.

11 to 13
15 to 18
14 to 18
22 to 24
12.0
21.0
18.0
27.0
17.0
25.0

21.5
26.0
24.0

154 to 182
111 to 133
111 to 143
81 to 91
165.0
94.0
111.0
74.0
118.0
80,0

93.0
77.0
83.3

' From MacFarren's "Cyanide Practice.
San Francisco, Calif.

' W. A. Caldecott, Journ. Chem., Met.
1910.

12

' "Mining and Scientific Press,"

and Min. Soc. of S. A., Oct.
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DENSITY AND HARDNESS OF MATERIALS'
Specific u j„„„
gravity

HardnoM

Acids and oxides:
Arsenious acid, AsiOs 3 . 69-3 .70 1.5
Boric acid, BiOH)j 1.48 1.0
Titanic acid, anatase, TiOj 3.88 5.5-6.0

brookite, TiOj 4.14 5.5-6.0
rutile, TiOj 4.28 6.0-6.5

Bauxite, AljOa • 2H2O 2.63-2.80
Corundum, AlcOa 3.90^.02 9.0
Cuprite, CujO 5.99 3.75
Diaspore, Al(OH)rAl!0) 3.37 6.5
Tin oxide (cas.oiterite), SnOj 6.30-7.10 6.5
Melaconite (black copper), CuO 6.20-6.30 3.0-4.0
Hematite, FeiOa 4.54-5.28 6.0
Magnetite. FesOi 4.94-5.18 5.5
Ferric oxide (hydratedWimonite 3.60-4.00 5.5
Ice at 0°C 0.92
Magnesia (periclase) , MgO 3 . 67 6.0
Magnesia (hydrated, brucite). Mg(0H)2 2.35 2.5
Manganese oxide, braunite 4.75 6.0-6.5
hausmannite, MnjO* 4.72 5.0-5.

5

pyrolusite, MnO: 4.82-4.97 2.0
Silica, agate, Si02 2.58-2.62 6.0

quartz. SiOi 2.65 7.0
Opal (hydrated silica) 2.03-2.09 5.5-6.5
Uranium oxide (pitchblende) 6.01-8.07 5.5
Zincite. ZnO 5.57 4.0-4.5

Aluminates:
Spinel. MgO- AI2O3 3. .55 8.0
Anorthite, CajAhSiiOu 2.7 6.0-7.0

Antimonides:
Breithauptite. NiSb 7 . 54 5.5
Antinionite, Sb2S3 4.57 2.5

Arsenides:
Cobalt arsenide, smaltite. (Co. Ni)As} 6.41 5.5
Copper arsenide, domeykite, CujAs 7.75 3.0-3.5
Nickel arsenide, niccolite, NiAs 7 . 72 5.5

Borates:
Boracite. MgrChBisOjo 2.91-2.97 5.0-7.0
Borax, Na2B.O7l0H2O 1.72 2.0

Bromides:
Silver bromide, AgBr 5.80-6.00 2.0-3.0

Carbonates:
Aragonite, CaCOa 2.93-2.94 3.5-4.0
Azurite, 3Cu3Cj07-7H20 3 . 70-3 .83 4.0
Calcite, CaCOj 2.70-2.73 3.0-3.65
Cerussite, PbCOj 6.57 3.25
Dolomite, MgCa(C02)2 2.83-2.94 3.75
Malachite, Cu2C0«-H20 3.93 3.5
Magnesite, MgCOi 3.0 3. ,5-4.

5

Siderite, FeCOa 3.83-3.88 3.5-4.0
Smithsonite, ZnCOj 4.30-4.45 5.0
Stronianite, SrCOa 3.60-3.71 3.5-4.0
Witherite, BaCOj 4.28 3.5

Chlorides:
Atacamite, Cu2(0Hj)Cl 3.70 3.0-3.5
Calomel, Hg2Cl2 6.48 1.0-2.0
Carnalhte, KMgCh-eHiO 1.6 1.0
Cerargvrite, AgCl 5.31-5.43 1.5
Rock salt, NaCl 2.26 2.5
Sylvite, KCl 1.90-2.00 2.0

Chromates:
Lead chromate. PbCrO« 5.90-6.10 2.5-3.0
Chromite, FeCriO< 4.32-4.50 5.5

'From "Annuaire pour 1914. par le Bureau des Longitudes."
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I^S Hardness

Fluondes:
Cryolite, NasAlFs 2.96 2.5
Fluorite, CaFs 3.14-3.19 4.0

MolyMates:
Wulfenite, PbMoOi 6.95 3.0

Niobates and Tantalales:
Fergusonite, Y, Er, Ce, Nb, Ta, 5.84 5.5-6.0
Niobite, FeNbiOe 5.60-6.00 6.0
Samarskite 5. 54 5. 0-6 .

Tantalite, FeTasOe 7.03 6.0

Nitrates:
Saltpeter, KXO3 1.94 2.0

Phosphates:
Apatite 2.90-3.20 5.0
Autunite 3.57 2.0-2.5
Monazite (Ce, La)P04 5.00-5.09 5.2
Pyromorphite, Pb6Cl(P04)3 6.59-7.05 3.5-4.0
Turquoise 2.52-2.80 6.0
ChalcoUte 3.40-3.60 2.0-2.5

Silicates:
Albite 2.60-2.62 6.0
Amphibole 2.92-3.59 5.5
Andalousite, AljSiOs 3.14-3.16 7.5
Augite 3.20-3.50 5.0-6.0
Emerald (beryl) 2.67-2.75 7.5-8.0
Epidote 3.46 6.5
Feldspar orthoclase 2 . 50-2 .59 6.0

albite 2.60-2.62 6.0
oligoclase 2.61-2.64 6.0
andesite 2.67-2.68
labradorite 2 . 70-2 .72 6.0
anorthite 2.75

Gadolinite, Ba2FeYjSi20io 4.23-4.33 6.5-7.0
Granite 3 . 42-4 .20
Hornblende 2.90-3.40 5.0-6.0
Hypersthene (Fe,Mg)Si03 3.36-3.42 5.0-6.0
Idocrase 3.29-3.43 6.5
Jadeite, NaAl(Si03)2 3.28-3.35 6.5-7.0
Lapis-lazuli 2.50-3.04 5.0-5.5
Peridote 3.33-3.41 6.5-7.0
Phenacite, BeaSiOi 2.96 7.5-8.0
Olivine (Mg,Fe)2Si04 3.30-3.50 6.0-7.0
Mica 2.70-3.10 2.0-2.5
Pyroxene, diopside 3.32 4.0-6.0

augite 3.30 5.5
hedenbergite 3.50

Quartz, SiOa 2.65 7.0
Rhodonite 3.64 5.5-6.5
Serpentine 2.6 3.0-4.0
Sillimanite. Al20Si04 3.24 7.5
Thorite, ThSi04 4.19-5.22 4.5-5.0
Wiilemite, Zn2Si04 4.01 5.0
Wollastonite. CaSiOs 2.80-2.90 4.5-5.0
Zircon, ZrSiOi 4.04-4.67 7.5

Hydraled silicates:

Calamine, Zn2(OFD2Si03 3.35-3.50 5.0
ChrysocoUa, CuSi03-2H20 2.00-2.20 3.5
Halloysite 1.92-2.12
Kaolin 2.5 1.0
Magnesite, HiMgjSisOio 1.80-2.20 2.0-2.5
Pyrophyllite, HAl(Si03)2 2.78 1.5
Talc 2.71 1.0
Thomsonite 2.38 5.0-5.5

Silicohorate:

Tourmaline 3.04-3.20 7.0-7.5
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Svlf; Hardness

Silicochlonde:
Pyrosmalite 3.08 4.0-4.5
Sodalite 2.38-2.42 6.5-6.0

Silico-fluorides:

Leucophane 2.97 4.0
Mica 2.71-3.13 2.0-3.0
Topaz 3.51-3.58 8.0

Siliconiobate:
Wohlerite 3.41 5.5-6.0

Sulphates:
Anclesite, PbS04 6.26-6.30 3.0
Anhydrite. CaSOi 2.90-2.96 3.0-3.5
Baritc. BaS04 4.48-4.72 3.0
Cclestite, SrSOi 3.92-3.96 3.0-3.5
Epsoniite, MKSO)-7H2t) 1.75 2.0-2.5
Gl.iuberite, Na2.S()4 2.64-2.85
Gypsum. CaS04-2H20 2.33 2.0
Kainit, MgSO«-KCl-3HsO 2.1 2.5

Sulphides:
Argentite, AgiS 7.24 2.5
Bisinuthinite, 61283 6.40 2.0
Blende (sphalerite), ZnS 4.09 3.5-4.0
Bornite, CusFeSa 4.40-5.50 3.0
Chalcocite. Cu2S 5.78 2.75
Chalcopyrite, CuFeS2 4.17 4.0-4.2
Cinnabar, HeS 8.12-8.20 2.5
Erubescite. CuaFeSa 5.05 3.0
Galena, PbS 7.26-7.60 2.75
Greenockitc, CdS 4.99 3.0-3.5
Marcasite, FeS2 4.77-4.86 6.0-6.5
Millerito, NiS 5.65 3.5
Molybdenite, M0S2 4.94 1.5
Orpiinent. AS2S3 3.45 1.75
Pyrite. FeSi 4.85-5.04 6.0
Pyrrhotite, FeS 4 . 62 4.0
Realgar, AsS 3.64 2.0
Stibnite, Sb2S3 4 . 62 2.0
Sphalerite, ZnS 4.09 3.5-4.0

Sulph-anlimonides:
Bournonite, PbCuSbSs 5.75-5.83 2.5-3.0
Jamcsonite, PbFeSbsSu 5.61 2.5
Pyrargyrite, AgaSbSs 5.86 2.5

Sulph-arsenides:
Cobaltite, CoAsS 6.26-6.37 5.5
Enargite, CusAsS* 4 . 36 3.0
Mispickel, FeAsS 5.22-6.07 5. .5-6.0
Proustite, AgjAsSs 5. 50 2 .

0-2
. 5

Tellurides:
Nagyagite, Au, Pb, Sb, Te, S 6.68-7.20 1.0-1.5
Tetradymite, Bi, Te, S 7.41 1.5-2.0
Petzite (.\g,Au)2Te 8.83 2.5-3.0
Sylvanite, AuAgTei 8.28 2.0

Tilanatea:
Ilmenite, FeTiOs 4.89 5.0-6.0

Tungstales:
Scheelite, CaWO* 6.07 4.5-5.0
Wolframite (Fe,Mn)W04 7.14-7.36 5.0-5.5

Vanadates:
Descloizite 5.84 3.0-5.0
Vanadinite, Pb4Cl(VO<)3 6.66-7.23 3.0

Combustibles:
Anthracite 1.34-1.46
Asphalt 0.83-1.16
Bituminous 1 . 28-1 .36
Lignite 1 . 10-1 .35
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The Principal Concentrating Ores and Gangues^

i!^y Hardness

Lead:
Galena 7.26-7.60 2.0-3.0
Cerussite 6 . 57 3 . 75
Anglesite 6.26-6.30 3.0

Copper:
Melaconite 6.0 3.0-4.0
Cuprite 3.99-4.02
Chalcocite 5.78 2.75
Bornite 4.40-5.50 3.0
Chalcopyritc 4.17 3.5-4.0
Malachite 3.93 3.5-4.0
ChrysocoUa 2.00-2.20 2.0-4.0

Iron:
Mispickel 5.22-6.07 5.5-6.0
Magnetite 4.94-5.18 5.5-6.5
Pyrite 4.85-5.04 6.0-6.5
Marcasite 4.77-4.86 6.0-6.5
Pyrrhotite 4 . 62 4.0

Zinc:
Smithsonite 4.30-4.45 5.0
Sphalerite 4.09 3.5-4.0
Willemite 4.01 5.0

Gangues:
Barite (heavy spar) 4.48-4.72 3.0-3.5
Manganese garnet 4.10-4.50 7.0
Iron garnet 3.90-4.40 7.0
Lime garnet 3.40-3.50 7.0
Fluorite (fluorspar) 3 . 14-3 .19 4.0
Anhydrite (gypsum) 2.90-2.96 1.5-2.0
Dolomite 2.83-2.94 3.5-4.0
Quartz 2.50-2.80 7.0
Calcite 2.70-2.73 3.0
Kaolimite 2 . 40-2 .60 1.0
Hematite 4 . 50-5 .30 5.5-6.5
Serpentine 2.6 3.0-4.0
Spinel 3.50-3.60 8.0
Talc 2.50-2.80 1.0

Miscellaneous:
Hornblende 2.90-3.50 5.0-6.0
Monazite ; 5.0 5.2
Pitchblende 6.4 5.5
Rutile 4.20-4.30 6.0-6.5
Thorianite 8 . 00-9 .70 7.0
Thorite 4.6
Wolframite 7.10-7.90 5.0-5.5
Graphite 2.09-2.23

J From Megraw's "Practical Data for the Cyanide Plant." For a longer
table, based on acid radicals, see p. 178.
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Specific Gravity and Absolute Weight of Gases

Gas Formula
Molecu-
lar wt.
= 16

Weight
of 1 liter

in grams
at 0°C.
and 760
mm.

pressure

Sp. gr.

AiT= 1

Wt. of 1

cu. ft. in

lb. at 32°
F. and

29.92 in.

pressure

Acetylene
Air
Aldehyde
Ammonia
Alcohol, ethyl
Alcohol, amyl
Alcohol, methyl
Argon
Arsine
Benzetie
Boron chloride
Boron fluoride
Bromine
Butane
Cyanogen
Chlorine
Chlorine monoxide..

.

Chlorine dioxide. . . .

Carbon dioxide
Carbon monoxide....
Carbonyl chloride. . .

Carbonyl sulphide. .

.

Ethane
Ethylene
Fluorine
Helium. ............
Hydrobromic acid. . .

Hydrochloric acid. . .

Hydrofluoric acid. . .

.

Hydriodic acid
Hydrogen
Hydrogen arsenide...
Hydrogen sclenide. .

.

Hydrogen sulphide..

.

Hydrogen phosphide.
Hydrogen telluride...

Hydrocyanic acid.. .

.

Iodine
Krypton
Methane
Neon
Methyl chloride
Mercury
Nitrogen
Nitrous oxide
Nitric oxide
Nitrogen tetroxide. .

.

Nitrogen tetroxide. .

.

Nitrosyl chloride. . . .

Oxygen
Phosphine
Phosphorus
Propane
Propylene
Silicon fluoride
Sulphur dioxide
Xenon
Radium emanation. .

Water

CjHi 26.016

C3H4O
NHi

CiHsOH
CeHuOH
CHjOH

Ar
AsHs
C.H6
BCI3
BFi
Brs

C«H,o
C:N2
CI2
ChO
ClOs
COj
CO

COC12
COS
C21I8
C.H*
F2
He
HBr
HCl
HF
HI
H2

AsH.
H2Se
H2S
PHa
HjTe
HCN

I2

Kr
CH4
Ne

CH3CI
Hg
N2
N2O
NO
NiO*
N02
NOCl
O2
PH.
P4

CjHs
CjH.
SiP\
SO2
Xe
Nt
HjO

44.032
17.034
46.048
88.096
32 . 032
39.88
77 . 984
78.048
117.38
68.00
159.84
58.08
52.05
70.92
86.92
67.96
44.00
28.00
98.92
60.07
30.048
28 . 032
38.00
4.002
80.928
36.468
20.008
127.928
2.016

77.984
81.216
34.086
34 . 064
129.516
27.018
253.84
82.92
16.032
20.0
50.484
200.6
28.02
44.02
30.01
92.02
46.01
65.47
32.00
34 . 064
124.16
44 . 064
42.048
104.3
64.07
130.2
222.4
18.016

1.1708
1.2928
1.9811

. 7708
2.0862
4.0696
1.4483
1 . 7809
3.4589
3.5821
5.09
2.99
7.1437
2.65
2.335
3.222
3.8820
3.0192
1.9768
1.2504
4.47
2.721
1.3562
1 . 2609
1 . 635
0.1782
3.50
1.6392
0.9220
3.057

. 08987
3.4589
3.628
1.539
1.5293
5.80
1.226

11.271
3.708
0.7168
0.9002
2..304 5
9.0210
1 . 2057
1.9782
1.3402
4.1133
2.0567
2.92.53
1.4291
1.5193
5.6318
1.9660
1.8783
4.6fe4
2.9266
5.851
9.727

. 8063

0.90561
1 . 0000
1.5324
0.59623
1.6137
3.1479
1.1203
1.3776
2.6755
2.7708
3.937
2.312
5.5258
2.050
1.806
2.4923
3 . 0028
2.3354
1.5291
0.96720
3.457
2.1047
1.0496
0.97532
1.2647
0.1378
2.707
1.2G794
0.71318
2.8287
0.069516
2.67755
2 . 80639
1.1904
1.18293
4.486
0.9483
8.7183
2.8682
0.55446

. 69634
1.78261
6 . 97850
0.93265
1.53021
1.03669
3.18178
1 . 59092
2.26282
1 . 02803
1.09788
4.35639
1.558
1.45293
3 . 60490
2 . 26390
3.7524
7.5241
0.6237

0.07309
0.08071
0.12368
0.04812
0.13024
0.25406
0.09042
0.11118
0.21593
0.22362
0.3177
0.1867
0.44597
0.1654
0.14577
0.20114
0.24235
0.18843
0.12341
0.07806
0.2791
0.16987
0.08467
0.07872
0.1021
0.01112
0.2185
0.10233

. 05756
0.22830
0.005610
0.21593
0.22650
0.09607
0.09547
0.3621
0.05920

. 70363
0.23148
0.04475

. 05620
0.14387
0.56317
0.07527
0.12350

. 08367
0.25679
0.12840
0.18262
0.08921
0.09487
0.35158
0.12273
0.11726
0.29093
0.18264
0.36527
0.60724

. 050336
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The column headed Weight of 1 liter in grams, etc., is mainly-
based upon the tables in "Annuaire pour 1914, Bureau des
Longitudes" and in the "Annual Tables" published by the
International Congress of Applied Chemistry. Other data
are compiled from various sources. There is a wide variation
in the results for these constants, even between the work of

two supposedly equally qualified workers. For that reason
I have, in several instances, cut out some of the last decimal
places. In part this variation is caused by the effect of surface
condensation of gas films on the apparatus worked with and in

part it is probablv due to the shape of the vessel itself, as set

forth by Morley in 189/1.

The determination of these constants for gases is by no
means a simple problem. So far as possible, the values are
those obtained experimentally, and are not simply calculated
from atomic weights. In the cases of such substances as
mercury, water, etc., the values at 0° and 29.92 in. of mercury
pressure are purely theoretical. The experiments for the
determination of the constants have been made at higher
temperatures and the values in the table calculated from the
equation pv = RmT

.

The number of molecules per cubic centimeter of gas under
standard conditions is about 27.09 X 10^^.

Velocity of electrons, 2.36 X 10" to 2.85 X lO^o cm. per
second.
The value of the gas constant in the formula for perfect

gases has been calculated by M. D. Berthelot for "Annuaire
pour 1914, Bureau des Longitudes." He considers a large
number of gases and obtains for the mean value in

Tpv = RT
R = 0.08207

A gram molecule of gas at 0°C. and 760 mm. is 22,380 cc.

If a gas be expanded or compressed so quickly that no heat
is either absorbed or given off, then pv^-'^"^ = k.

Critical Temperatures and Pressures^

The critical temperature of a gas is that temperature above
which no pressure suffices to produce a liquid. The pressure at

which a gas at the critical temperature begins to become a liquid

is known as the critical pressure:

'"Annuaire par 1914, Bureau des Longitudes."
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Substance

Critical
tempera-

ture,
dcg. C.

Critical
pressure,
atnios.

Critical
density

calculated

Elements:
Argon
Bromine
Chlorine
Helium
Hydrogen
loidine

Krypton
Mercury
Neon
Nitrogen
Oxygen
Xenon

Inorganic substances:

Am.monia, NHi
Carbon monoxide, CO
Carbon dioxide, COi
Carbon disulphide
Carbonyl sulphide, COS
Germanium tetrachloride, GeCU
Hydrochloric acid, HCl
Hydriodic acid, HI
Hydroselenic acid, HiSe
Nitric oxide, N2O2
Nitrogen monoxide, N:0
Nitrosyl chloride, NOCl
Phosphine, PHj
Phosphorus trichloride, PCh. . . .

Silicon hydride. Sill*
Silicon tetrachloride, SiCli
Sulphur dioxide, SO2
Sulphuretted hydrogen. HiS. . . .

Tin tetrachloride, SnCU
Water, H2O

Organic substances:

Acetylene, C2H1
Alcohol (ethyl), CjHsOH
Benzene, CeHs
Carbon tetrachloride, CCh
Ethane, C2H«
Ethylene. C2H«
Naphthalene, CioHs
Methane, CH«
Pentane, C5H12
Phenol, CeHiOH
Toluene, CtHs

-122.44
302.2
146.0

-267.84
-241.1
512.0

- 62.5
1270.0
< 205.0
-145.1
-118.8

14.7

131.0
-139.5

31.1
273.05
105.0
276.9
51.8
150.7
137.0

-93.5
36.5
167.0
51.3

285.5
- 0.5
221.0
157.0
100.4
318.7
364.3

35.5
243.1
288.5
283.15
32.1
9.5

468.2
- 81.8
197.2
419.2
320.6

48.0

83.9
2.26
11.0

41.24

29.0
33.6
50.8
43.5

113.0
35.5
73.0
72.87

78.0
89.3
36.95
194.6

61.7
62.96
47.89
44.97
49.0
50.8
39.2
54.9
33.0

41.6

0.547

'6!643'

0.299-0.296
0.400

0.326
0.460
0.4408

38.0
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Argon.—Can be obtained by depriving air of oxygen with
phosphorus, then absorbing the nitrogen by red-hot magnesium.

Arsine.—The gas may be obtained pure by the following

Sn3As2 + 6HC1 = SSnCh + 2AsH3

It is also formed when any arsenious compound comes into
contact with nascent hj'drogen, which reaction forms the basis

for the well-known Marsh test. The other hydride of arsenic,

AS2H4, is a solid.

Bromine.—Best generated by heating the easily purchased
liquid bromine.

Carbon Dioxide.—Best made by the action of hydrochloric
acid on marble or sulphuric acid on sodium carbonate. Can
also be bought compressed.

Carbon Monoxide.—Best made pure by heating oxalic acid
with concentrated sulphuric acid and absorbing the carbon
dioxide in calcium hydrate emulsion:

C2H2O4 + H2SO4 = CO2 + CO + H2SO4H2O
Can also be made by passing CO2 over red hot coke or charcoal.
This last reaction is not self-sustaining but requires considerable
external heat.

Chlorine.—Is readUy generated from a mixture of salt, man-
ganese dioxide and sulphuric acid.

(4NaCl -f- Mn02 + 4H2SO4 = 4HXaS04 + 2H2O + MnClj +
2C1.)

It is also readily purchased compressed in cylinders.

Cyanogen.—This is easily made by heating mercuric cyanide.
It is extremely poisonous.

Ethane.—Must be made from a methyl halide, as

:

2CH3CI -I- 2Na = 2NaCl + CaHe

Ethylene.—Is best formed bv treating an ethyl halide with
potassium hydroxide (CsHsBr + KOH = C2H4 + KBr -|- H2O)
or by treating ethyl alcohol with concentrated sulphuric acid.

Hydrogen.—Formed by the action of hydrochloric or sul-

phuric acid on metallic zinc, though the gas prepared in this

way may contain hydrogen phosphide and arsine, so that it

cannot be used for certain purposes. The Lane process pro-
duces hydrogen by passing steam over red-hot iron, and reduc-
ing the Fe304 formed with water gas, the iron being again used
to produce further quantities of hydrogen. It can also be pro-
duced by electrolytic methods (methods of Messerschmidt and
of Bergius), and by the reactions Ca(0H)2 -f CO = CaCO., -f-

H2 and CO + HoO^ = CO2 + H,. It is said the hydrogen for

Zeppelin inflation is made by starting the decomposition of

acetylene electrically, CoH. = 2C + H: + 47,800 cal. Jau-
bert's method consists in preparing calcium hydride by pa.ssing

hydrogen over calcium in an electric furnace, Ca -|- Ho = Call..,

then later generating the hvdrogen where needed: CaH2 -t-

2H2O = Ca(0H)2 -I- 2H2. Strictly speaking, this is a method
of transporting hydrogen rather than of generating it. Jaubert
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also has patented a hydrogenite mixture, 5 parts feriosilicon,

12 parts caustic soda and 4 parts slacked lime. Si + 2NaOH +
Ca(OHU = Na.SiOj + CaO + 2H2O. Hydrogen may also be
generated by the action of potassium or sodiimi on water.

Hydrochloric Acid Gas.—Given off by the action of concen-
trated sulphuric acid on aqueous hydrochloric acid.

Hydrocyanic Acid Gas.—This is formed by heating sulphuric

acid and sodium cj'anide. It is fearfully poisonous.

Hydrogen Phosphide (Phosphine).—This is formed when
phosphorus is boiled with strong potash or caustic soda, or

caustic lime (4P + 3NaOH + 3H2O = SH-jNarOj + IHa).
The gas as thus formed takes fire in contact with air, due to

traces of P2H4. This compound can be removed by refrigerat-

ing mixtures and the resulting gas will not take (ire sponta-

neously. These phosphorous compounds are very poisonous.

Hydrogen Selenide.—Formed by the action of dilute acids

or aluminum selenide. This can be made by putting lump
selenium in molten aluminum. A mask and gloves should be
worn when making the selenide, as the mixture occasionally
spatters badly. IVie utmod precaulion should he observed
not to breathe the seleniurelted hydrogen.
Hydrogen Sulphide.—Readily made by treating ferroua

sulphide with hydrochloric acid, by the action of .sulphuric

acid on low-grade mattes, or by melting paraffin and sulphur
together.
Hydrogen Telluride.—Formed bj' the action of water on

aluminum telluride. This is made by putting lumps of

tellurium in molten aluminum. The slag which forms on the
surface is aluminum telluride. Goggles should be worn when
making this compound.

Kakodyl.—[(CH3)2As]2. This is formed by heating arsenious
anhydride and potassium acetate in a closed retort. This is

ordinarily a fetid, fuming liquid, violent, poisonous, and when
pure, spontaneou.sly inflammable.
Methane.—This is most easily prepared by heating a mixture

of 2 parts sodium acetate, 2 parts potassium hydroxide and 3

parts quicklime (NaCoHjO.. + ROII = 0114 + RNaCO,). It

can also be made by passing carbon disulphide and water vapor
over red hot copper (CS2 + 211.0 + 6Cu = CII4 + 2Cu ,S +
2CuO).

Nitric Anhydride.—Prepared by passing dry chlorine over dry
silver nitrate at 9o°C.

Nitrous Oxide.—Obtained by heating ammonium nitrate

crystals (NH4NO3 = N2O + 2H2O). The reaction takes place
at comparatively low temperatures.

Nitrogen.—Can be readilj' obtained by absorbing the oxygen
from the air with phosphorus. In this case it contains about
one-eightieth of its mass in argon and traces of helium, xenon,
etc.

Nitrogen Peroxide.—Obtained by mixing two volumes of dry
nitric oxide and one of oxygen together.
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Nitric Oxide.—Obtained by the action of nitric acid on
copper (3Cu + 8HNO3 = 3Cu(N03)2 + H2O + N2O.).. The
gas is colorless, but oxidizes with air to nitrogen peroxide, a

reddish-brown gas.

(4AgN03 + CI2 = 4AgCl + 2N2O5 + Oo)

Oxygen.—Is given off when manganese dioxide or potassium
chlorate is heated, or, more safely, on ignition of a mixture of

the two. Can also be made cheaply by electrolyzing dihite

sulphuric-acid solution. Can be introduced into solution by
hydrogen peroxide, sodium peroxide, fuming nitric acid, nitric

acid, chloric acid, etc. The compressed gas is a common article

of commerce.
Phosphine.—See hydrogen phosphide.
Sulphur Dioxide.—Formed by burning sulphur in air, or if

wanted chemically pure, by the action of concentrated boiling

sulphuric acid on copper (Cu + 2H2SO4 = CuSO* + 2H2O +
SO2).

Sulphur Trioxide.—This is most easily formed by roasting
ferric sulphate.

Principal Toxic Gases

The following list, from an address of Prof. 1. Guareschi,
before the Associazone Chim. Industr. on June 14, 1915, at
Turin, is given because of the growing popularity of these
compounds in warfare.

Name
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Fluorixe Gas and Gaseous Fluorine Compounds
(.\I1 toxic)

Name Formula Sp. gr. Color Discoverer
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the ordinary temperature, and sometimes violently when soda-
lime is employed. Further, soda-Ume constitutes the most
efficient agent to combat poisonous, irritating, or tear-produc-
ing gases, since it readily absorbs CI, Br, halogen hydrides, COo,
SO2, COCI2, (CN)2, HCX, cvanogen chloride, bromide and
iodide, S chloride, SOCl., XOCi; XO., AsHj, SbHs, HoSand HoSe,
mercaptans, thiocyanic acid, indole, scatole, aldehydes, chloro-

carbonic esters, aromatic chloro and bromo derivatives with
the halogen in the side-chain, ethyl bromoacetate and chloro-

acetoacetate, chloroacetone, bromoacetophenone, acetic anhy-
dride, etc. The soda-lime acts far more energeticalh^ when
recently prepared and stored in a hermetically sealed vessel.

In view of its distinctive behavior it is probable that it contains
a compound such as CaCOXa)., OH.Ca.OXa, or OH.Ca.O.Ca.-
OXa. One hundred grams of soda-lime in fine granules will

absorb 1,500-2,250 cc. of COClo if the latter is passed slowly
through it, but samples prepared from marble exhibit a con-
siderably lower absorptive capacity; when saturated with CO2,
soda-lime, even when dry, is incapable of arresting COCI2.
The latter is absorbed well by aniline and other compounds,
but soda-lime appears to be the only absorbent of practical
value. H2S is readily absorbed by soda-lime, which becomes
black possibly owing to the formation of Fe sulfide. This reac-
tion is attended with the development of a very considerable
amount of heat, and when the current of gas is mixed with air

the soda-lime becomes incandescent, while replacement of the
air by O results in a violent explosion. This incandescence is

observed only with freshly prepared soda-lime, which should
consist of granules 1-3 mm. in diameter. One hundred grams
of soda-lime absorb as much as 35 1. of HoS. Soda-lime also

absorbs H2Se which produces rapid and intense irritation of

the mucous membrane of the nose and is capable of paralyzing
thp sense of smell for some hours or even days. No investiga-
tion has been made on the action of soda-lime on H2Te, which
is, however only slightly poisonous. SO2 is absorbed by soda-
lime, rapidly at first and subsequently more slowly, 26 1. being
taken up by 100 g. NO2 is absorbed readilj', but XO only
slowly and to a limited extent. The mixture of HCl, XOCI,
XOoCl and CI obtained from aqua regia is also rapidly absorbed,
and the same is the case at first with (CX)2, of which more than
6 1. are absorbed per 100 g. ; the employment of soda-lime to
retain the (CX)2 emitted from blast furnaces is suggested.
Cyanogen chloride, bromide, and iodide are likewise absorbed.
Soda-lime rapidly absorbs CO2 and serves for the removal of
the latter from CO, which at the ordinary temperature is ab-
sorbed but slightly or not at all. Like all porous substances,
soda-lime absorbs a httle XH3, but forms no compound and
allows it to escape; in presence of soda-lime, however, NH3
eauses at the ordinary temperature reactions which otherwise
occur only at high temperatures. PH3 prepared by passing H
into a flask containing 45-50 per cent. KOH solution and a few
pif^ces of P, is spontaneously inflammable, but loses this prop-
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erty when passed through soda-lime; the latter also absorbs P
vapor. AsHj and SbHs are absorbed by soda-lime. The latter

may, therefore, be used to purify the H obtained by the action

of acid on Fe or Zn, but it will not remove PH3, which is de-
tected by the green color of the flame. Soda-lime absorbs
many of the impurities of coal-gas and takes away its fetid

odor; similar purification and deodorization occur with CoHj,
which is not absorbed by soda-lime. Cr02Cl2 is rapidly ab-
sorbed, no acid vapor passing. SOCI2 is immediately decom-
posed with development of much heat but no incandescence,
no trace being allowed to pass. Ethyl chloroformate is ab-
sorbed with aviditv, heat being developed; only faint alcoholic-

/9
ethereal odor passes: ClCOjEt -1- Ca<

|

-v XaCl -|- EtOH
\NaOH

+ CaCOi. Chloroacetone is absorbed with generation of heat
and replacement of the irritant vapor bv one with a pleasant

/^
odor: CHzClCOMc + Ca<

|

-> OHCHjCOMe + NaCl +
\\aOH

CaO. w-Bromoacetophenone is absorbed. Ethyl bromoace-
tate is not fixed. Ethyl a-chloroacetoacetate is readily ab-
sorbed. Bromoacetyl bromide is immediately absorbed with
liberation of heat. Benzyl l)romide and chloride are absorbed.
Chlorobenzene is not readily absorbed. Crude xylyl or xylylene
bromide, probably a mixture of co-bromoxylenes and w, w'-di-

bromoxylenes are readily absorbed. Acraldehyde is readily
absorbed. Furfuraldehyde is rapidly absorbed vvith develop-
ment of heat. CH2O is absorbed. Thioformaldehyde is com-
pletely and rapidly fixed. AcH is absorbed with development
of heat. Pyrrole is absorbed but slightly or not at all. Indole
and skatole are absorbed. S2CI2 is immediately absorbed with
heating. Ethyl mercaptan is rapidly absorbed with marked
development of heat. Thiophene is fixed either not at all or
only in traces. HNC is rapidly absorbed with moderate heat-
ing. SO3 is inefficiently fixed. Acetic anhydride is rapidly
absorbed. Various esters imdergo hydrolj'sis. Gases and
vapors of putrefaction are absorbed. Products of incomplete
combustion of paper, wood, etc., are rendered quite odorless.

In presence of soda-lime various synthetic reactions take place
at the ordinary temperature; the results obtained in this direc-

tion are to be published later.
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Minimum Lethal Amounts and Tolerances (Per Cent.)

Gas
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Incendiary Bombs.—According to Professor Vivian B. Lewes
the principal ingredient of incendiary bombs is thermit, ignited
by means of amorphous phosphorus. The latter substance is

also used by the Germans in a type of shrapnel used for marking
the range of artillery. The heat of the explosion converts the
amorphous phosphorus into white phosphorus, the combustion
of which produces fumes of phosphorus pentoxide, which are
visible night and day. Wounds produced bj^ fragments of
the.se shells are poisoned.

Failure of Metals Under Repeated Stresses

Materials subjected to repeated stresses fail eventually, even
though the stresses are each less than their elastic limit. The
smaller the stress, the greater the number of stresses required
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to produce rupture. C. E. SxROMEYERof Manchester, England,
gives the following mathematical expression of these facts.

There is some limiting value of stress which would just cause a
piece of metal to break in an infinite mmiber of applications.

Any stress less than this amount could be repeated forever
without breaking the specimen. Any stress greater than this

amount would certainly rupture the specimen in a finite number
of applications. This stress may be termed the fatigue limit

(Fl). If the number of repetitions of stress required to break
the specimen be A'^;+ iS„ = the stress applied (the + sign indi-

cates that the stress of Sn in tons per square inch may be applied
alternately as a tension or compression, or an alternate twisting
and bending); C a constant for the material under discussion;

then

The constants for various metals are given above.

Some Properties of the Metals

i

Brittleness or Toughness (Marten's Formulae).—Toughness
of test length =

ultimate strength per cent, elongation in test length,

yield point ^ ~ 100
The metals then range in this order

:

Pb, Pt, Fe, Al, Ni, Zn, Sn, Cu, Au, Ag.

DuctiUty.—W, Au, Ag, Pt, Fe, Ni, Cu, Al, Zn, Sn, Sb.

By some authorities aluminum is placed fourth ; it has been
drawn so fine that 11,400 yd. weigh only 1 oz. One ounce of

tungsten at 0.0005 inch diam. equals 12,490 yd. (Fink).
Tenacity.—Steel, Ni, Fe, Cu, Al, Au, Zn, Sn, Pb.
MaUeabiUty.—Au, Ag, Al, Cu, Sn, Pt, Pb, Zn, Fe, Ni.
The thinest metal leaf commercially attainable in 1914 was:

Au, 0.000008 cm.; Al, 0.000020; Ag, 0.000021; Pt, 0.000025;
Cu, 0.000034; Dutch metal, 0.00007 (Kaye and Laby).

_., ^. .^ ,,, , T-i IN T^i i- -x toughness
Plasticity (Marten s Formulae).—Plasticity = .

" ^ X
1000.

Marten's Classification.—Fe, Pt, Ni, Al, Zn, Cu, Ag, Au,
Pb, Sn.
Kurnakofp^Schemtschuschny: K, Na, Pb, Tl, Sn, Bi, Cd,

Zn, Sb.

'H. O. HoFMAN, "General Metallurgy."

13
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Elastic Constants of Solids

Hulk
modulus

Coctruinit of

rigidity
Young's
modulus

Brass
Glass
Iron (wrought). . .

Steel
Aluminum
Bismuth, cast. . .

.

Cadmium
Copper
Gold
Lead
Nickel
Palladium
Platinum
Silver
Tin
Bronze
Const antan
Manganin
Zinc
Phosphor bronze.
German silver. . .

.

Magnesium
Rhodium
Tantalum
Tungsten

10.0
4.0
14.0
18.4
7.4(1
3.14
4.12
13.1
16.6
5.0
17.6
17.6
24.7
10.9
5.29
9 . .52

15.5
12.1
9.0
12.0

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10>

X 10'

X 10'

X 10'

4.2 X 10'

28.0 X 10'

18.6 X 10'

3.7
2.4
7.7
8.2
2.63
1.20
1.92
4 . 55
2.80
0.562 X
7.7 X
4.04
6.04

10"
10"
10"
10"
10"
10"
10"
10"
10"
10"
10"
10"
lO'i
lO'i

10"
10"
10"
10"
10"
10"
10"
10"

10.4
6.0
19.6
22
7.05
3.19
4.99
12.3
8.0
1.62

20.2
11.3
16.8

.90
5.43
8.08
16.3
12.4
8.7
12.0
11.6

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 101

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 10'

X 101

X 10'

X 10'

X 10'

42.2 X 10"

The above vahies are mainly from K.^ye and Labv's, " Physical and
Chemical Constants."

If the volume of a body be altered without changing its

shape, the stress divided by the strain is known as the bulk

modulus: k =
Av

If a body be changed in sha^.e without changing its volume
the modulus of elasticity is tlie ratio of the stress to the strain

which produces it.

Young's Modulus.—The number representing the pressure
or tension on a bar in dynes per square centimeter divided by the
compression or elongation so produced per centimeter of length.

Tensile Strength of Some Metals at Ordinary
Temperatures

fPounds per scjuaro inch)

Cobalt
Nickel (hard drawn)
Iron, rolled
Iron, cast
Steel (high tensile)

Tungsten (hard)
Platinum, wire, annealed.
Platinum, cast
SUver, cast
Copper, cast
Copper, sheet
Copper,bolts
Copper wire, hard drawn.
Copper wire, soft drawn. .

Gold, cast
Gold wire, hard drawn. . .

Gold wire, annealed

75,000
96,000
55,000
48,000

450,000
010,000
32.000
45,000
41,000
24,000
30,000
34,000
60,000
35,.500

20,000
37,000
24,000

Aluminum, cast 12,500
Aluminum, rolled 19,290
Aluminum, hammered. . . 22,575
Aluminum, drawn I 17,007

8,500
5,000
4,600
5,800
3,000
2,050
1.650
1,720
1,000

60,000

Tellurium, cast.
Zinc
Tin, cast
Tin, drawn
Bismuth, cast. .

Lead, cast
Lead, pipe
Lead, sheet
Antimony, cast.

Tantalum
Brass 50,000
German silver 66,000
Hard rubber 7,000
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Tensile
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Coefficient of Linear Expansion per Degree Centigrade

0°-100° - 190°-0''

(Iraphite.i^artificial)

Indium
Invar (68.8 per cent. Fe, 3G.2 per

cent. Ni)
Iridium
Iron (cast)

Iron (wrought)
I^ead

Magnesium
Marble
Mercury (solid)

Nickel
Osmium
Palladium *.

Platinum
Potassium
Rhodium
Ruthenium
Selenium (40°)

Silver

Sodium
Steel

Steel (hardened)
Tellurium
Thallium
Tin
Zinc
Aluminum bronze
Brass (Cu 66, Zn 34)
Bronze (Cu 32, Zn 2, Sn 5)

Constantan (Cu 60, Ni 40)
German silver (Cu 60, Ni 15, Zn 25)

.

Magnalium (Al 86, Mg 13)

Phosphor bronze (Cu 97.6, 2Sn, P 0.2)

Platinum-iridium (Ir 10 per cent.) . .

Solder (Pb 2 : Sn 1)

Speculum metal (Cu 68, Sn'32). . .

.

Cement and concrete
Glass, soft 68Si02, 14Na20, 7CaO. . .

Glass, flint 45Si02, 8K2O, 46PbO . . .

Granite
Ice (-10°toO°)
Masonry
Rubber, hard
Silica, fused (80° to 0°)

(0° to 30°)

(0° to 1000°)

Sandstone
Slate

. 0000025

. 0000459

0.0000004
0.0000067
0.0000122
0.0000119
0.0000205

. 0000276
0.000007
0.000181
0.0000132

. 0000068
0.0000119
0.0000090
0.000083
0.0000086
0.0000099
0.000037
0.0000195
0.000072
0.000011
0.0000136
0.000017
0.000031
0.0000227
0.0000294
0.000017
0.0000189
0.0000177
0.000017
0.0000184
0.000024
0.0000168
0.0000087
0.000025
0.0000193
0.000010-14
0.0000085
0.0000078
0.0000083
0.0000507
0.000004-7
0.00004278
0.00000022

. 00000042
0.000000.54
0.000007-12
0.000006-10

. 0000057
0.0000091

0.0000271
0.0000214

0.0000101

0.0000120
0.0000088

0.0000226
. 0000264
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Cubic Expansion of Gases, per Degree Centigrade*

Constant
volume

Constant
pressure

Air
Carbon monoxide.
Carbon dioxide . . .

Cyanogen
Hydrogen
Nitrogen
Oxygen
Nitrous oxide
Ammonia
Sulphur dioxide . .

.

Argon
Helium

0.0036650
0.0036667
0.003688
0.003829
0.0036678
0.0036682
0.0036741
0.003676

0.0038453
0.003668
0.0036627

0.003676
. 0036688

0.00371
0.003877
0.0036613
0.003670
0.00486
0.0037195
0.003854

. 0039028

Cubic Expansion of Liquids

Mercury (0°-100°C.) 0.0001818
Water see p. 174
Burning oils of sp. gr. 0.795-0.825 r .

.

. 00072
Benzine 0.00081
Light lubricating oil 0.00068
Heavy lubricating oil 0.00063
Sodium (liquid) . 000226

Hardness
"The customary hardness test at the present time is that of

Brinnell, which consists in making on a flat surface of the
material an indentation by means of a small steel ball applied
under known pressure. According to Rosenhain perhaps the
best definition of hardness is "the power of resisting local dis-

placement of portions of its surface." But it is at once evident
that this power is by no means a simple and definite property of

the material which will reproduce itself in all circumstances.
Thus the displacement of a portion of the substance of a material
may occur by plastic, flow—the material may be indented at
one point while its level is raised at other points; in other cir-

cumstances or in other materials the displacement may occur
by direct fracture, as in the scratching of a brittle material.
Either of these forms of local displacement maj^ be brought
about by the application of a steadily increasing force or by a
rapidly applied force, i.e., by a shock or blow. It is by no means
certain that the power of resisting all these various forms of

displacement will be identical or even proportional, so that the
material which displays the highest scratch hardness is not
necessarily the hardest under an indentation test. Where hard-
ness is referred to, therefore, the manner of measuring it should
always be specified.

' From "Annuaire pour 1914, Bureau des Longitudes," with a few values
from other sources.
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Scale of Hardnkss (Mohs)

Agate ....

Alabaster. 1

Alum 2.0-2.5
Amber.. 2.0-2.5
Andalusite 7.5
Anthracite 2.2
Antimony 3.3
Apatite S.Qi

Aragonite 3.5
Arsenic 3.5
Asphalt 1.0-2.0
Augite - 6.0
Bervl 7.8
Bismuth 2.5
Calamine 5.0
Calcite 3.0'
Copper 2.5-3.0
Copperas 2.0
Copper sulphate 2.5
Corundum 9.0
Diamond 10. 0^

Dolomite |3 .
5-4 .

Emery 9.0
Feldspar

I

6 .
0^

Fluorite 4.0^
Gold ;2. 5-3.0
Granite

j
7.0

Graphite '0.5-1.0

Gypsum
Heavy spar. . .

Hornljlende. . .

.

Iridium
Jasper
Kaolin
Lead
Meerschaum..

.

Mica
Nickel i5

Onvx
I

Opal..
Palladium
Platinum
Quartz
Ruby
'Saltpeter
Sapphire
Serpentine
Silver

Spinel
Stibnite
Sulphur
Talc
Topaz
Tin
Zinc
Zirconium

2.01

3.3
5.5
6.0
7.0
1.0
1.5
.0-3.0
.5-3.0
.0-5.5
7.0
.0-6.0
4.8
4.3
7.01

9.0
2.0
9.0'

.0-4.0

.5-3.0
8.0
2.0
.5-2.5
1.0
8.0'
.0-3.0
4.0
7.8

"Among the various methods which have been proposed
for the measurement of hardness, it seems probable that the
Brinnell ball-test, measuring indentation hardness, is probably
that one which most nearly approaches our fundamental ideal

of constituting a measure of a single definite property. In
this case the test probably measures a group of properties of a
fairly simple type. That this is the case may be inferred from
the fact that tests with balls of different diameter can be ren-

dered fairly comparable."

TT J load in kg. ^, . ,Hardness = ? r- r-v—^

—

——.— Xv radius of ball.
area of concavity of mdentation v x<iuiuouiuttii.

The Brixnell hardness number is nearh' proportional to the
ultimate stress determined by tensile tests. On the other
hand, ball-hardness number is not a safe guide as to the power
to resist abrasion.* A better test for resistance to wear is

'The materials marked thus (•) are the standards on this scale. The hard-
ness is determined by scratching an unknown with these standards. One
can scarcely determine within half a point what the hardness is. The finger

nail may be assumed at about 2.5, and a knife blade at 6.5.
' Rosenhain's "Introduction to Physical Metallurgy."
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probably that of the Derihox machine, in which the edge of a
hard steel disc revolving in oil is pressed against the test speci-

men. ^ Some comparative Brin'xell numbers and resistances

to wear are given below.

Botton'e's Sc.\le of H.^rdxess^
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Latknt Heats of Fusion^

Aluminum
Antimony*
Bismuth
Bromine
Cadmium
Calcium
Copper
Cobalt
Gallium
Gold
Ice
Iodine
Iridium
Iron—cast-white
Iron—cast-gray.

.

Iron—pure
Lead
Magnesium

100.0
40.2 2

12.64
16.18
13.02
52.6
43.3
68.0
19.11
16.3
79.77
11.7
26.1
23.0
33.0
69.0
5.37
58.0

Mercury
Nickel
Palladium
Platinum
Phosphorus
Potassium
Potassium nitrate . .

Selenium
Silicon

Silver

Steel

Sodium
Sulphur
Thallium
Tellurium
Tin
Water
Zinc

Latent Heats of Fusion—Compounds*

Alumina
Silica

Titanium oxide

Oxides
AI0O3
SiOj
TiOj

Haiides
AsCl,Arsenic chloride

Lead bromide PbBrj
Lead chloride PbCU
Manganese chloride MnCU
Stannic chloride SnCU

Nitrates
Potassium nitrate KNOi
Sodium nitrate NaNOa

50.9
76.1
35.8

69.74
12.34
20.90
49.37
46.84

48.90
64.87

Silicates

Al-calcium silicate (anorthite)

Al-potassium silicate (orthoclase)

Al-potassium silicate (microcline)

Calcium silicate (wollastonite)

Ca-magnesium silicate (malacolite') Ca3MgSi40i2
Ca-magnesium silicate (diopside) CaMgSi206
Magnesium silicate (enstatite)

Magnesium silicate (olivine)

Iron silicate (fayalite)

CaAhSijOg
KAlSisOj
KAlSijOg
CaSiOj

MgSiO,
Mg2Si04
FejSiOi

100
100
83
100
94
100
125
1.30

• Most of these values are from J. W. Richard's "Metallurgical Calcula-

tions." a few from Ckemer and Bicknell's "Chemical and Metallurgical

Handbook."
» This is an experimental value. .Theory points to a value of about 16.

» J. W. Richards, "Metallurgical Calculationa."
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Sulphides
Lead sulphide PbS 104

Specific Heats of Non-metals and Alloys ^

Material
Specific
heat

Material
Specific
heat

Solids:
Asbestoa (20°-100°)
Brass (red)
Bras3 (yellow)
Brickwork
Carbon, graphite
Clay
Coal
Fluorspar (30°)

German silver (0°-100°)

.

Glass, crown (10°-50°) .

.

Glass, flint (10°-50°). . .

.

Granite (20°-100°)
Ice
Iron, pure
Iron, cast
Iron, wrought
Marble (18°)

Quartz (0°)

Quartz (350°)
Sand (20°-100°)
Steel
Stone
Wood

0.20
0.09
0.088

About 0.2
0.16
0.19
0.24
0.21
0.095

0.16-0.20
0.12

0.19-0.20
0.502
0.116
0.13
0.11
0.21
0.174
0.279
0.19
0.12

About 0.2
0.45-0.65

Liquids:
Alcohol, ethyl (40°)
Alcohol methyl (12°)
Benzene, CeHe (10°)

Benzine
Benzol, (19°-30°)
Gasoline
[Glycerine (18°-50°)
Hydrochloric (HCl + lOHsO)

(18°)

Hydrogen (253°)
Kerosene
Load (molten)
Mercury (5°-3G°)
Nitric (HNOa + IOH2O) (18°)
Nitrogen (-208° to -196°)..
Oil, olive (7°)

Oxygen (-200° to -183°). . .

Sea water (17°)
Sulphur (119°-147°)
Sulphuric (H2SO4) (16°-20°) . .

Sulphuric (H2SO4 + 5H2O)
(lG°-20°)

Turpentine (18°)

0.65
0.60
0.340
0.45
0.4158
0.53
0.58

0.749
6.00
0.47
0.03

. 0333
0.768
0.43
0.47
0.35
0.94
0.2346
0.3315

0.5764
0.42

The specific heat of a substance is the number of B.t.u.'s required to raise

the temperature of a pound of the substance 1°F. or of 1 kg. of water 1°C.
There is much discordant data on the subject and several tables are given.
The user is advised to look over all of the tables, as the data is given in several
forms.
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Specific Heats of the Elements'
A table compilpd from various sourci's.

Substance'
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Specific Heats of Metals for t° Centigrade^

Aluminum . 2220 + . 00005<
Antimony 0.04864 + 0.0000084i
Beryllium . 3756 + . 00106<
Boron 0.22 + 0.00035«
Carbon (under 250°) 0.1567 +0.00036/
Carbon (250°-1000°) . 2142 + . 000166/
Carbon (above 1,000°) 0.5 - (120 -^

Nickel (up to 230°) . 10836 + . 00002233<
Potassium . 1858 + . OOOOSi
Silicon 0.17 + . 00009«
Sodium 0.2932 +0.00019/
Titanium 0.978 +0.000147/
Zinc 0.0906 +0.000044/
Bismuth 0.0285 +0.00002/
Bromine 0.105 +0.0011/
Copper 0.0917 +0.000048/
Cadmium 0.0546 +0.000012/
Iridium 0.0317 +0.000006/
Lead 0.02925 +0.000019/
Palladium 0.0582 +0.00001/
Platinum . 0317 + . 000006/
Silver (to 400°) 0.555 +0.00000943/
Silver (over 400°) 0.5758 + 0.0000044/

+ 0.000000006/2
Tin 0.0560 +0.000044/

Specific Heats of Chlorides

Chlorides Formula Range Specific heat

Ammonium chloride
Arsenious chloride.

.

Barium chloride. . . .

Calcium chloride. . .

Chromium chloride.
Cuprous chloride. . .

Lead chloride

Lithium chloride.. . .

Magnesium chloride
Manganese chloride.
Mercurous chloride.
Mercuric chloride...
Potassium chloride..
Silver chloride
Sodium chloride. . .

.

Strontium chloride..
Titanium chloride. .

Tin (ous)
(ic)

Zinc chloride

NHiCl
AsCh (solids

AsClaCgas)
BaCh
CaCh
CrCh
CusCh
PbCh

LiCl
MgCh
MnCh
HgCl
HgCU
KCl

23°-100'='

14°-98.3°
159°-268°
14°-98°
23°-99°

17°-98° .

20°- 100°
160°-380°
13°-97°
24°-100°

AgCl
NaCl
SrCh
TiCU (solid)

TiCl4 (gas)
SnCh
SnCh (solid)

SnCU (gas)

ZnCh.

7°-99°
13°-98°
14°-99°

160°- 380°
15°- 9 8°
13°-98°
13°-99°

163°-271°
20°-99°
14°-98°

149°-273°
21°-99°

0.3908
. 0896

0.1122
0.0896
0.1730
0.1430
0.1383
0.06511
0.707 /
0.2821
0.1946
0.1425
0.0521
0.0689
0.1730
0.0978
0.2140
0.1199
0.1881
0.1290
0.1016
0.1476
0.0939
0.1362

'J. W. Richards, "Metallurgical Calculations."
' From Hofman's, "General Metallurgy."
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Specific Heats of the Oxides'

Oxide

Beryllium oxide. .

Boron oxide
Antiiiionious oxide
Alumina

Alumina
Arsenious oxide.
Calcium oxide.. .

Chromium oxide.
Ferric oxide

Ferroso-ferric oxide.

Magnesium oxide
Magnesium hydrate
Manganese oxide
Manganese sesquioxide..
Manganese sesquioxide,
hydrated
Manganese peroxide. . . .

Nickel oxide
Silica

Mercuric oxide.

.

Molybdic oxide..
Lead oxide
Bismuth oxide...
Thoric oxide. . . .

Tin oxide
Titanic oxide.. .

.

Tungstic oxide. .

Zirconium oxide.
Zinc oxide

Formula

Cuprous oxide CujO
Cupric oxide CuO
Columbic oxide CbsOt

BejOi
BjO.
SbjOj
AUOs

Al.Oi
AssO.
CaO

CnO.
FeiOi

Fei04

MgO
MgCOmi
MnO
MnaO'

MnjO'.HjO
MnOi
NiO
SiOj

HgO
MoOi
PbO
Bi20i
ThjOi
SnOj
TiOi
WOi
ZrOi
ZnO

Ferrous oxide. .

.

Potassium oxide.
Sodium oxide. . .

Lithium oxide.. .

FeO
KjO
XasO
LijO

Range
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Specific Heats of Nitrates

205

Nitrates Formula Range Specific
heat

Ammonium nitrate XHiNOa
Barium nitrate BafNOjIz
Lead nitrate Pb(X03)2
Potassium nitrate KN'Oj
Silver nitrate ! AgNOs
Sodium nitrate

j

XaNOj
Strontium nitrate Sr(NOi)i
Sodium-potassium nitrate

|
KNa(N03)j

Sodium nitrate (fused) 1 N'aNOj (liquid)

Potassium nitrate (fused)
[
KXOj (liquid)-

14°-31°
13°-98°
•ly-lOO"
13°-98°
16°-99°
14°-98°
17°-47°
15°- 100°

320°-430°
350°-435°

0.4550
0.1523
0.1173

. 2387
0.1435
0.2782
0.1810
0.2350
0.4130
0.3319

Specific Heats of Carbonates

Carbonates Formula Range Specific
beat

Barium carbonate
;
BaCOi

Calcium carb. (calcite)
^

CaCO»
Calcium carb. (aragonite) ; CaCOi
Calcium carb. (marble) CaCOi
Calcium-magnesium (dolomite). . I

Iron (siderite)
!
FeCOj

Iron-magnesium 1 Mg7Fe2(COj)»
Lead (cerussite) ' PbCOi
Potassium carbonate I KjCOj
Sodium carbonate ' XasCOj
Strontium carbonate SrCOa

11°
20°
18°
23°
20°

.
9°

20°
16°
23°
16°

'-99°
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Specific Heats of Bromidf.s, Iodides and Fluoridks

Bromides

Lead bromide.

Potassium bromide KBr
Silver bromide AgBr
Sodium bromide NaBr
Cuprous iodide Cul
Lead iodide. Pbli
Mercurous iodide Hgl
Mercuric iodide Hgli
Potassium iodide KI
Silver iodide Agl
Sodium iodide Nal
Clarium fluoride CaFj
Sodiurii-aluniinum fluoride Naj.^lFj

Formula Uange
^?,eat^''

PbBri 16°-98'>
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Specific Heats of Sulphides
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Sulphides Formula I Range Specific
heat

Antimony sulphide.
Arsenic sulphide. . .

.

Arsenic sulphide. . .

.

Bismuth sulphide.

.

Cobalt sulphide. . . .

Copper sulphide. . .

.

Ferrous sulphide
Iron sulphide
Iron pyrites
Lead sulphide
Manganese sulphide. . .

Mercury sulphide
Molybdenum sulphide.
Nickel sulphide
Silver sulphide

Zinc suluhide ZnS
Stannous sulphide SnS
Stannic sulphide

j

SnSj

15°-98°
13°-98°
12°-95°

. 0840
0.1111
0.1132

. 0600
0.1251
0.1212
0.1126+
0.000094
0.1357
0.1602
0.1301
0.0509
0.1392
0.0512
0.1233
0.1 2S1
0.0746
0.0685 +

. 00005«
0.1230
0.0837
0.1193

Specific He.\ts of Arsenides and Antimonides

Antimonides Formula Range Specific
heat

Domeykite CusAs
Dyscrasite AgaSb
Lollingite FeAsj
Smaltite ; CoAss

100-100°
10°-100°
10°-100°
10^-100=

. 0949
0.0558
0.0864

. 08.30

Specific Heats of Silicates

Silicates Formula Range Specific
heat

Aluminum silicate ftopaz)
Al-calcium silicate (anorthite).. .

Al-beryllium silicate (beryl)
Al-potassium silicate (microcline)
Al-potassium silicate (orthoclase)
Calcium silicate (wollastonite)....

Ca-magnesium silicate (diopside)

Ca-magnesium silicate (mala-
colite)

Iron silicate (fayalite)
Iron-aluminum (garnet)
Magnesium silicate (enstatite)..

Magnesium silicate (olivine)

.

Zirconium silicate (zircon) . .

.

Basalt
Bessemer slag
Granite

AhSKFIOs
CaAhSiaOa
CaAl!Si208
BeAhSi208
KAlSisOs
KAlSisOs
CaSiOs
CaSiOs
CaMgSiiOt
CaMgSiiOs
CasMgSiiOij
Ca3MgSi40i2
Fe2Si04
FesAhSisOi;
MgSiOj
MgSi03
Mg2Si04
ZrSi04

12°
0°-

0°

j

12°-

20°-

20°-
0°-

0°-

I
0°-

I

0°
I

0°-

I o°-

!

16°-
0°
0°-

0°
15°
20°
14°
20°

-100°
100°
-1200°
-100°
-100°
-100°
-100°
-1200°
-100°
-1200°
-100°
-1200°
-100°
-100°
-100°
-1200°
-100°
-100°
-470°
-99°
-524°

0.1997
0.189
0.294
0.2066
0.197
0.1877
0.179
0.288
0.194
0.281
0.186
0.264
0.170
0.1758
0.206
0.301
0.2200
0.1456
0.1990
0.1691
0.2290
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Specific Hkat of Wateu^
(Defining specific heat at 0° to 1°C. as unity)

TemrKjra-
ture,

deg. F.
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Mean Specific Heats of Gases
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Air. 20°C
Ammonia
Bromine, 19°-388°
Carbon dioxide, 0°

Carbon disulphide, 86°-190
Carbon monoxide, 23°-99°
Chlorine
Hydrogen
Methane
Nitrogen, 0°C
Nitrous oxide
Oxygen
Sulphur dioxide
Water
Hydrochloric acid
Acetylene
Argon, 20°-90°C
Iodine, 206°-377°C
Nitric oxide, 13°-172'

Nitrogen peroxide, 27°-6
Sulphuretted hydrogen, 20° -206'

Ethane
Ethylene
Benzene, 34°-115°. . .

Turpentine, 179°-249

MoLECrLAR Specific Heats (Le-n-is & Randall)

These are the ordinary specific heats multiplied by the molecular weight of
the gas

N2, O2, HCl. HBr, HI, Cp = 6.5 + O.OOlOf
Hj Cp = 6.5 + 0.0009(.
CU. Brj, I2, Cp = 6.65 + 0.004r
HjO, HjS Cp = 8.81 + 0.0019/ + 0.0000222^
CO2, SO2 Cp = 7.0 + O.OOnt + 0. 0000018/2

Specific Heat of Gases^
(Calories per gram of gas at /°C. (absolute temperature = t + 273))

According to
Richards

According to
Damour

Nitrogen (to 2000X.) . 2-105 + . 0000214*
Nitrogen (2000°-4000°C.) ... . 2044 + . 000057/
Oxygen (to 2000°C.)

|
0.2104 + 0.0000187/

Oxygen (2000°-4000°C.)
j

. 1788 + . 00005/
Water vapor I 0.42 + 0.000185/
Carbon dioxide '0.19 + 0.00011/
Sulphur dioxide 0.125 + 0.0001/
Carbon monoxide 0.2405 + 0.0000214/
Hydrogen I 3 . 37 + . 0003/
Methane i

Hydrogen (2000°-4000°C.) . . 2.75 +0.0008/

0.2438 + 0. 00002 14t

0.2135 + 0.0000187«

0.447 +0.000162/
0.194 +0.000084/

0.2438 + 0.0000214/
3.412 +0.000300/
0.381 +0.0000234/

> Somebm£ier's "Coal."
14
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Table op Mean Specific Heats
Calories per gram of gas
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Total Heat Contained in Certain Silicates when
Melted^

W.S

Magnesium silicate (olivine)

Magnesium silicate (enstatitel

Potass.-alum, silicate (microcline)..
Potass.-alum, silicate (orthoclase'> .

.

Calc.-alum. silicate (anorthite). . . .

Calcium silicate (wollastonitel . . . .

Calc.-magnes. silicate (malacolite)

.

Calc.-magnes. silicate (diopside) . . .

Iron silicate (fayalite)

Iron-alum, silicate (garnet)

MgzSiOi
MgSi03
KAlSiaOs •

KAlSisOe
CaAl2Si208
CaSiOs
Ca3lMgSi40i
CaMgSi206
Fe2Si04
Fe3Al2Si30i2

1400°
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Solubility of Salts at 10°C. and Boiling. Continued

< 'no part requires for solution Cold water Hot water

Copper acetate
Copper nitrate
Ferrous chloride (H-4H20)
Ferric chloride
Ferrous sulphate ( + 7HiO)
Lead acetate (+ 3HiO). . .

•

Lead chloride
Lead nitrate
Lead sulphate
Lithium chloride
Magnesium carbonate ( + 3HsO)
Magnesium chloride (+ 6H20)
Magnesium oxide
Magnesium sulphate crystals
Manganous chloride.
Manganous sulphate (-|-4HiO)
Mercuric chloride . .

Oxalic acid
Potassium bitartrate
Potassium alum ( + 12HiO)
Potassium bicarbonate
Potassium bichromate
Potassium bromide
Potassium carbonate
Potassium chlorplatinate
Potassium chlorate
Potassium chloride
Potassium chromate
Potassium cyanide
Potassium ferricyanide
Potassium ferrocyanide
Potassium hydrate
Potassium iodide
Potassium nitrate
Potassium oxalate (acid)
Potassium permanganate
Potassium sulphate
Potassium sulphite ;

Potassium bitartrate
Silver nitrate
Sodium acetate (+3HjO)
Sodium bicarbonate
Sodium bisulphate
Sodium borate
Sodium bromide
Sodium carbonate ( + 10HjO)
Sodium chlorate
Sodium chloride
Sodium hydrate
Sodium hj'posulphite ( + 5HiO)
Sodium nitrate
Sodium acid phosphate (N'ajHPOi 12HiO)
Sodium sulphate (+ IOH2O)
Sodium sulphite
Strontium chloride
Strontium hydrate (+8H1O)
Strontium nitrate
Stannous chloride
Tartaric acid
Zinc chloride (+2HiO)
Zinc sulphate (+7HiO)

14.28
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Solubilities of Solids in Water

S = number of grams of anhydrous substance which when
dis.solved in 100 grams of water make a saturated solu-

tion at the temperature stated.

p = number of grams of anhydrous substance per 100 gram^
of saturated solution.

Substance 0°C. i 10 15 80 100

Am. chlor., NH4CI, S..

.

Barium chlor.,

BaClr2H20,S
Barium hydrate,

Ba(OH)2-SH20. S....
Bromine (Hquid),' Br., S
Cadmium sulphate,

CdS04-?sH20, S
Calcium hydrate,

Cai.OH)j,S
Copper sulphate,
CuS04oH:0,S

Lithium carbonate,
Li2COs, 5

Mercuric chloride,
HgCh, p

Potass, chloride, KCl, S
Potass, bromide, KBr, S
Potass, iodide, KI, S. . .

Potass, hvdrate,
KOH-2H20, S

Potass, nitrate, KNO3.S
Silver nitrate, AgXOa, S
Sodium carbonate,
NaaCOslOHjO, S....

Sodium chloride,
NaCl, S

Sodium sulphate
KajSOi-lGHiO, S

Strontium chloride,
SrCl2-6H20, S

29.4

31.6

1.67
4.17

76.5

0.185

14.3

1.54
!

3.50 '

27.6
53.5

,

127.5

33.3

33.3

2.48
3.74

76.0

0.176

17.4

1.43
!

4.50
31.0
59.5

;

136.0

35.2

34.5

3.23
3.65

76.3

0.170

18.8

1.38

5.00
'

32.4
I

62.5 ;

140.0

37.2

35.7

3.89
3.58

76.6

0.165

20.7

1.33
!

5.40
34.0

,

65.2
144.0

97.0
13.3
122.0
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Solvents for Metals

Gold Aqua regia.

Platinum Aqua regia.

Silver HXO3. boiling H2SO4.
Lead HN'Oa, boiling concen. HjSO* slightly.

Mercurv HNO3, boiling H2SO4.
Bismuth HXO3.
Copper HNO3.
Cadmium HXO3.
Arsenic Aqua regia, HNO3 to oxide.

Antimony Aqua regia, HXO3 to oxide.

Tin HCl, HXO3 to oxide.

Iron HCl, dilute H2SO4, not bv cone
Aluminum HCl, HNO3, HjSO*, alkalis.

Nickel HXO3
Cobalt HXO,
Manganese HCl.
Zinc HCl, HXO,, H2SO4, alkalis.

Tungsten HXO, containing HF; fused KXO2
In Dilute Solution (Fifth Normal or More Dilute)'

1. Copper is acted upon by cold dilute hydrochloric acid to a
much greater extent than by sulphuric or nitric acids. Each of

the last-named acids attacks the metal to about the same extent.

2. Aluminium is slowly attacked by dilute nitric acid and
sulphuric acid.

3. Lead is more rapidly attacked by hydrochloric acid than
bj' sulphuric acid, the action of the latter acid being negligible.

4. Tin is soluble in caustic soda and in sodium carbonate
solution, but not in ammonia.

Action of Acetylene upon Metals {Chem. Zeii., 1915, 89, 42).

—In acetylene installations explosions have sometimes occurred
which have been attributed to the formation of explosive com-
pounds of acetylene with the metal of the fittings. In a series

of experiments it was found that pure dry acetylene in contact
for 20 months with the following metals had no action upon
them: zinc, tin, lead, iron, copper, nickel, brass, German silver,

phosphor bronze, aluminum bronze, tj'pe metal, solder. With
pure moist acetj'lene nickel and copper were both attacked.
Unpurified moist gas, as obtained in the ordinary way from com-
mercial carbide, had no appreciable action on tin, German silver,

aluminum bronze, type metal or solder, but hadadi-stinctaction
on zinc, lead, brass, much more on iron and bronze, and still

more on phosphor bronze, while the action on copper was very
rapid; but it is stated that in no case were explosive substances
produced. It is recommended that metal fittings used in con-
nection with acetylene should be coated with nickel or tin.

' A. J. Hale and H. S- Foster, Journ. Soc. Chem. Ind., May 15, 1915.
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Solubility of Air in Water •
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1000 cc. of water saturated with air at 760 mm. pressure
contain the following volumes of dissolved gas (calculated to

volume at 0°C. and 760 mm.).

Temperature of water

10° 15°
I

20°
j

25°
,

30°

Oxygen, cc 10.19
Nitrogen, argon, etc 19.0
Sum of above, cc 29 .

2

Per cent, oxygen in dissolved air (by
;

volume) '34
.

9

8.9| 7.9 7.0 6.4 5.81 5.3
16.8 15.0 13.5 12.3'll.3ll0.4
25. 7 22. 8 20. 5' 18. 7 17.1 15.

7

I I
I I

34.7 34.534.2 34.0 33.8 33.6

Solubility of Sulphur Dioxide ix Water
(760 mm. pressure')

Temperature of water, deg. C.

SO-2, per cent, dissolved

20
I

30
j

40
I

50
I

60 70
j

80 90 100

5.6 17.4 6.1 [4.9 3.7 |2.6 jl.7 |o.9 0.0

Solubility of Gases in W.\ter
(760 mm. pressure')

Volumes, Volumes, , Volumes, , Volumes,
0°C. : 15°C. j 30°C. 60°C.

Oxygen
Nitrogen
Carbon monoxide.
Carbon dioxide. . .

. 0489
0.02388
0.03537
1.713

Ammonia 11300.0

Argon. .

.

Chlorine.
Helium.

.

0.058

Hydrogen

Hydrochloric acid

Nitrous oxide

Nitric oxide

Sulphuretted hydrogen.

Sulphur dioxide

Acetylene
Hydrobromic acid
Air
Bromine

0.0150

0.0215

506.0

0.03415
0.01686

I 0.02543
1.019

802.0

0.041
i 2.63

j

0.0139

I

0.0188

458.0

0.74

0.0515

3.05

47.3

1.15
581.0

. 02045
28.4

0.019
0.0100
0.015
0.36

In the majority of the above cases the gases are in equilibrium with the
water at 760° mm. pressure.

' K.^YE and L.*.by's "Chemical and Physical Constants."
- Hofman's "General Metallurgy."
* Compiled from various authorities.
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Magnetic Susceptibilities of the Elements'

H

= magnetic force.

= intensity of magnetization.
= magnetic moment per cm.'
= pole strengtli per cm.*
= magnetic induction, or flux den-

sity = h + 4jr/.

= permeability = B'h.

= susceptivity = I /h = —

1 B, h and / are in lines

I per cm.* and are vector
> quantities.

I

Unit :4Tlinesstart from
J a unit magnetic pole.

Coercivity, hB=0, is the demagnetizing force required to make
B = after saturation.

Coercive force is the demagnetizing force required to make
5=0 after some particular field strength.

Remanence, Bjj^q, is the induction remaining when the mag-
netizing force is removed after saturation.
The work done, i.e., hysteresis loss, Qe, in taking a cm.' of

magnetic material through a magnetic cycle between the limits

+ H, and - H, =X+H.
r+H.

hfll = H'T
I

hdB.
H, J-H,

Steixmetz's empirical formula for the hysteresis loss is

ijB]^ where r? is a constant and -n
= 1.6 (usually). The

magnetic properties of a material depend not only on its chem-
ical composition, but on its previous mechanical and heat
treatment; thus only general characteristics are indicated
below.
Good permanent magnet steel contains about 0.5 per cent.

W and 0.6 per cent. C. Cast iron, chilled from 1000°C., may
also be used, but the results will never be so good as with steel.

The Heusler alloys (Cu, Mn, Al| are remarkable in showing
high magnetism when the components do not. With an alloy

of 96.69c Fo and 3.4 Si (Yensen's alloy), the permeability rises

to over 60,000 when the alloy is annealed at 1100°C.

PkILMEABILITV yu

Material
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Elcm.
solids
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Action of the Wetherill Magnet on Minerals Found
IN Placer Sands, Together with Their Specific

Gravity^

Non-magnetic
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Shrixk.\ge of Metals*

Metal tcn?perl"ure.
Freezing point.

1 1



SECTION IV

CHEMICAL DATA

FUNDAMENTAL CHEMICAL LAWS

Avogadro's.—Equal volumes of all gases and vapors contain
the same number of ultimate particles or molecules at the same
temperature and pressure.

Conservation of Energy.—Whenever a change in mode of

manifestation of energy takes place, the total amount of energy
remains a constant.

Dalton's.—See multiple proportions.
Definite Proportions.—-A chemical compound always con-

tains the same constituents in the same proportion by weight.
Diffusion of Gases.—The rate of diffusion of gases is approxi-

mately inversely proportional to the square roots of their

specific gravities.

Dulong and Petit.—The product of the atomic weight and
the specific heat of the same element is a constant.

Gay-Lussac's.
—

"\Mien gases or vapors react on each other
the volumes both of the factors and the products of the reaction

always bear to each other some simple numerical ratio.

Indestructibility of Matter (Lavoisier).—Whenever a change
in the composition of substances takes place, the amount of

matter after the change is the same as before the change.
Mariotte's.—The volume of a gas is directly proportional

to the absolute temperature and inversely proportional to the
absolute pressure upon it.

Multiple Proportions (Dalton).—If two elements A and B
form several compounds with each other, and we consider

any fixed mass of A, then the different masses of B which
combine with the fixed mass A bear a simple ratio to one
another.

Periodic.—The properties of an element are periodic functions
of the atomic weight.-

The Structure of the Atom^

The great difference between the present theory in regard to

the constitution of matter and that held when most of us were
students seems to make no apology necessary for introducing a
short discussion of this subject here.

The nineteenth century theory of the constitution of matter
postulated indivisible bodies called atoms, with properties that

• This short discussion is largely founded on the papers by Dr. Saul
DusHMAN in the General Electric Review.

2.39
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were repeating functions of their weights, which weights
represented the proportions in multiples of which they combined
with each other. The atom of hydrogen was supposed to be the
smallest mass capable of existing. However, Crookes even-
tually showed that the cathode rays consist of negatively charged
corpuscles the mass of which is less than one-thousandth that
of a hydrogen atom. Later the Ccrtes, Becquerel, Ruther-
FORD and SoDDT showed that the atoms of some elements were
certainly unstable, and that they disintegrate spontaneously
giving out negatively charged corpuscles or electrons such as con-
stitute Crookes' cathode rays iff particles), positively charged
particles (a particles) of the same mass as helium atoms, and a
radiation (known as 7-rays) that has since been shown to con-
sist of X-rays of short wave-longth.

It may here be noted that although the a and /9 rays travel

with speeds comparable with that of the X-rays that the last

have the power of ejecting electrons from atoms, whereas the
first two never do so.

The basis of late nineteenth centur\' chemistry was the "so-
called" periodic law of Mendeleef, that the atomic weight of

any element determines its properties, or, that the properties

of the elements are periodic functions of the atomic weight.

Roughly, if the elements are arranged in recurring "octaves"
according to increasing atomic weights, elements of similar prop-
erties fall in columns. ^\Tiile this is so generally true that
Mexdeleef was enabled to prophesy the discovery of certain

elements with certain properties, it is not without its exceptions.

For instance, according to atomic weight, iodine should come
before tellurium, while according to its properties it comes after

it. Argon and pota-s-sium form another such exceptional case.

On the other hand we have elements of different atomic weights,

yet inseparable chemically. These exceptions the newer theory
of "atomic numbers" attempts to explain.

Reverting to Mentjelejeff's work, and considering aL^o the
elements discovered since his time, if they are arranged in order

of increasing atomic weight it is observed that the first twenty
elements have similar properties at ever>^ eighth element. Thus
sodium resembles lithium, phosphorus is like nitrogen and chlo-

rine like fluorine. But beginning with argon, we must pass over
18 elements before we come to one similar to it (kn.'pton),and

then we have another group of 18 before we come to another
like it, xenon. In the next series, however, comes a separate

system, the rare earths, most of them .so nearly alike chemically

and physically that their separation is a matter of extreme
difficulty. Then after another short group of normal elements
come the radioactive elements, whose atoms disintegrate

spontaneously in appreciable amounts in appreciable times.

As said above, there are discrepancies in any arrangement by
atomic weight and the view is now held that it is a so-called

atomic number that is the true factor in determining the prop-
erties of the elements. In the table on p. 242, taken from the

General Electric Review, are shown the elements, their atomic
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weights and the atomic numbers (in brackets). What these

last are will be explained later (p. 244).

In general the members of the group are inert (valency 0)

;

those of group 1 monovalent, E2O, EH; of group 2, divalent;

etc. The members of the fifth, sixth and seventh groups pos-
sess two sorts of valences: with H they form compounds of the
type EH3, EH2 and EH respectively, while with O, they form
compounds of the type E2O5, EO3 and E2O7 respectively.
The most electropositive elements are in group 1, the most

electronegative in group 7, and in any given group, those of low
atomic number are more electropositive than those of high.

This property is connected with the tendency to give out
electrons. A heated carbon filament gives off negative elec-

tricity, which J. J. Thomson showed was in the form of free

electrons similar to those making up cathode raj's.

Richardson showed that platinum and other metals give off

electrons when heated and that the number of electrons emitted
increases rapidly as the temperature rises. For every metal
there exists a " heat of vaporization " (w) which represents the
amount of work required to separate an electron from the main
body. The more electropositive the metal the smaller is w.

When metals are illuminated by radiation of frequency u

electrons are emitted with a velocity v (photoelectric effect)

expressed by the equation }'2'>^iv^ = Ve= hv—p where m =
mass of electron, e= charge on electron, h = 6.56 .

10~^^ erg.

sec, p=work necessarv' to get the electron out of the metal
and V = retarding potential necessary to prevent emission.
Two types of inelastic collision between electrons and mole-

cules of metallic vapor exist. One type results in a displacement
of an electron in the atom and the other type in the removal
of an electron from the atom. The potential differences

in volts through which an electron must fall to acquire
the proper velocity to suffer these two types of collision are
known as the resonance and ionization potentials of the metallic
vapor. In many cases these potentials can be computed
from a knowledge of v, some characteristic frequency in the
spectrum of the metal. The following direct determinations
by an electrical method are summarized by Foote and Mohler.
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From the facts above noted we may deduce that the electron
is a constituent of all atoms, and that some atoms have a greater
affinity for electrons than do others. The atoms with the low-
est electron affinity are the most electropositive. There are also
further considerations upon which are based calculations as to
the number of electrons in the atom, some of which are dis-

cussed below.

High-frequency Spectra of the Elements

When cathode rays of low velocity strike the surface of any
metal, the latter emits a continuous spectrum of X-rays with
wave lengths of about 1 X 10~* cm. The spectrum is cut off at
an upper limit of frequency (V'm) which is connected with the
maximum voltage of the X-raj' tube by the relation.

eV = hV„
As the voltage of the tube is raised above a definite value, the

anti-cathode material emits a characteri.stic X-radiation clas-

sified according into three groups K, L and M. In 1913,
N. G. J. MosELY measured the wave lengths of the K and L
series for most elements and found that if to each element he
assigned a number agreeing with its place in the periodic table

(as far as Au = 79), then

iVV = a[N - Xo]

where V is the frequencj% a and N'o are constants and .V is the
atomic number. According to Rutherford N is the magnitude
of the positive charge on the nucleus of the atom and hence
must also correspond to the number of electrons in the atom,
since each electron carries a negative charge and on a neutral
atom the number of negative charges must equal the number of

positive charges.

Various Elements, Their Atomic Weights, and Wave-
LE.VGTiis OF Their Characteristic X-rays
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The various constants of the electron as determined by R. A.

MiLLiKAN are as follows {Proc. Nat. Acad. Sci., vol. 3, p. 314).

The electron e = 4.774 ± 0.005 XlQ-'o
The Avogadro constant : i\r = 6.062 ±0.006X10=3
Number of gas mols. per cc. at 0°, 76 cm... n = 2.705 ± 0.003 X lO"
Kinetic energy of translation of a mol. at 0°. Eo = 5.621 ± 0.006 X 10-'<

Chanse of translational mol. energy per °C.. = 2.058 ± 0.002 X lO"'"
Mass of an atom of H to = 1 . 662 ±0.002X10-2'
Planck's element of action A = 6.547 ±0.013X10-"
Wien const, of spectral radiation Cs = 1 .4312 + 0.0030
Stefan-Boltzmann const, of total radiation.. =5.72 ± 0.034.X lO''^
Grating spacing in calcite d = 3. 030 ± 0.001A
Diameter of atom, average, about =2.0 X IQ-^
Mass of an electron =9.01 X lO""

Radioactive Phenomena

The periodic table indicates that as the atom becomes more
and more massive, there is a periodic recurrence of the same
arrangement of the outermost electrons in the atom. The
observations on high frequency spectra and scattering of alpha
particles lead to the conclusion that the atom consists of a
positively charged nucleus of extremely small dimensions com-
pared with those of the atom itself, and furthermore, that the
chemical properties of the elements depend only upon, the mag-
nitude of the positive charge on the nucleus.^

We now pass to the discussion of observations which show us
that not only is the atomic weight of but secondary significance

in determining the position of an element in the periodic table
and that we may have several atomic weights for the same
element, but that the structure of the nucleus itself is quite
complicated.

It has already been mentioned that in the radioactive ele-

ments discovered by Becquerel and Mme. Curie, we have un-
stable atoms which disintegrate spontaneously, as has been
shown conclusively by Rutherford and Soddy. After a certain
average period of existence, w'hich may range from over a
thousand years, as in the case of uranium (Ui), to a millionth
of a second, as in the case of RaCi, the atom undergoes a
sudden explosion and yields an atom which possesses totally
distinct properties. The disintegration is detected by the ex-
pulsion either of alpha or of beta particles. ^ Accompanying
the expulsion of beta, particles there is also observed in a number
of cases, an emission of gamma rays. These are electromagnetic
pulses of extremely short wave-length (about 10~^ cm.) and
are probably due to the bombardment of the atoms of the radio-
active substance itself by the beta particles.

Further investigation has shown that the rate at which
these atoms disintegrate is absolutely uninfluenced by any

I The diameter of the nucleus is probably less than Hoo.ooo the diameter
of theatom, yet the nucleus contains practically the entire mass of the atom.

2.The alpha particle has the same mass as an atom of helium; but differs
from the latter in possessing two unit positive charges, 2jB = 9.54 X 10 E.S.U.
The beta particles correspond in mass and electric charge to the electrons
units of negative electricity, E = 4.7V X 10 E.S.U.
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of the factors, such as temperature, pressure, illumination

with ultra-violet or X-rays, etc., which are used in controlling
the rate of ordinary chemical and physical reactions.

Since the disintegration of any atom always yields an atom
occupying a different place in the periodic table we must con-
clude that the change actually occurs in the nucleus itself.

Furthermore, as electrons and alpha particles are emitted dur-
ing the disintegration, it follows that the nucleus, small as it

is, consists of negatively changed corpuscles and helium nuclei,

packed close together. How is it possible for positive and
negative charges to remain in equilibrium vmder such condi-
tions? Probably Cottlomb's law fails completely for distances

as small as those which exist inside the nucleus. It may indeed
become reversed; that is, positive and negative charges repel

each other at distances which are less than lO"'' cm.
It has been found that each of the radioactive products be-

longs to one of three well-defined disintegration series whose
starting points are uranium, thorium, and actinium respectively.

Fig. 1 illustrates diagrammatically the manner in which the
members of these series appear to be related.

When mesothorium II disintegrates, it yields radiothorium
and as a beta particle is expelled during the transformation
there is no change in atomic weight. Radiothorium is chem-
icalh- allied to thorium and non-separable from it. These
facts lead to the conclusion that radiothorium belongs to Group
IV and mesothorium II must therefore belong to Group III.

Passing to thorium A", we here again come to an element
which is chemically similar to radium, thus placing it in Group
II. The atom of thorium A' expels an alpha particle and yields

thorium emanation, a gas which is iiwrt chemically, and con-
denses at low pressures between — r20°C. and — 150°C. The
emanation resembles, therefore, the rare gases of the argon
group.
Thorium emanation is the first member of the group of

transformation products that constitute the thorium "active

deposit." They are indicated in Fig. 1 as thorium A, B, Ci, Cn

and D.
The most noteworthy feature about these products is the

fact that individual members of each series appear to be chem-
ically indistinguishable from certain members of the other

series. Owing, however, to the difference in previous history

of these atoms, they possess different atomic weights and also

differ in period of existence. In other words, we have here

cases of elements that are absolutely inseparable by all chemical
methods so far devised, and yet differ in that respect which
has hitherto been taken to be the most important characteristic

of an element—its atomic weight. Soddy, who has drawn
attention to these cases, has named these products isotopes,

since they occupy the same place in the periodic table. As
shown in the table in Fig. 1, there are three other isotopes of

thallium, and no less than six isotopes of lead. These results

are thus in accord with the conclusion already advanced above,
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that the most characteristic property of any element is its atomic
number, and not the atomic weight. The different isotopes of
any element may therefore be regarded as consisting of atoms
which are all alike as far as the number of electrons, their

arrangement, and the charge on the nucleus; but the arrange-
ment of electrons and alpha particles in the nucleus of each of

these atoms is evidently not the same. Hence arise the differ-

ences in mass and average life.

Soddy's Law of Sequence of Changes.—A comprehensive
survey of the chemical properties of the different radioactive
elements has led Soddy and Faj.\ns independently to an inter-

esting and extremely important generalization which enables
them to assign these isotopes to their places in the Periodic
Table.

It will be remembered that an alpha particle is a helium atom
with two positive charges. By its expulsion, therefore, the
atom must lose two positive charges, and the atomic weight
must decrease by four units. Similarly, the expulsion of a
beta particle means the loss of a negative charge or, what is

equivalent, the gain of one positive charge; and since the mass
of the beta particle is extremeh' small compared with that of

the atom, there is practicallj' no decrease in atomic weight.

Now in the Periodic Table the valency for oxygen, an electro-

negative element, increases regularly as we pass from Group
to Group VllI, while that for hydrogen, an electropositive

element, decreases, i.e., the electropositive characteristic

increases by one unit for each change in the group number as we
pass in any series from left to right. Furthermore, in each
group the electropositive character increases regularly with in-

creasing atomic weight.
These considerations led Soddy and Fajans to this conclusion

:

The expulsion of an alpha particle from any radioactive

element leads to an element which is two placef. lower in the Periodic

Table (and has an atomic weight which is four units less) while

the emission of a beta particle leads to art element which is one place

higher up, but has the same atomic weight.
It is possible, therefore, to have elements of the same atomic

weight but possessing distinctly different chemical properties,

and, on the other hand, since the effect of the emission of one
alpha particle may be neutralized by the subsequent emission of

two beta particles, it is possible to have two elements which
differ in atomic weight by four units (or some multiple of four)

and yet exhiVjit chemicallj' similar properties.

As an illustration, let us consider the Uranium Series.

Uranium 1 belongs to Group VI. By the expulsion of an alpha

particle we obtain uranium Xi, an element of Group IV. This

atom in turn disintegrates with the expulsion of a beta particle.

Consequently uranium A' 2 must belong to Group V. In this

manner we can follow the individual changes that lead to the

different members of the series, and by means of the generaliza-

tion of Soddy and Fajans we cannot only assign to each element
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its place in the Periodic Table but also its atomic weight, as has
been done in Fig. 1.

This generalization has been of material assistance in elucidat-

ing some of the difficult problems in the study of the disintegra-

tion series. More than this, it has led to the intensely inter-

esting conclusion that the end product of each of the three
radioactive series in an isotope of lead. The results of the
most recent work on the atomic weight of lead are in splendid
accord with this deduction, as it has been found that lead which
is of radioactive origin, has a slightly lower atomic weight than
ordinary lead.i

In a couple of cases the isotope has not been definitely

isolated, but there can hardly be any doubt of its existence.

Thus, the disintegration product of radium C2 must be an ele-

ment of Group IV, but the evidence for its existence is very
meager.

General Conclusions Regarding the Structure of Atoms

It is obvious that any theory of the structure of the atom
which we can form at present must be regarded as only a first

approximation. But there are some conclusions which can be
drawn with a certain degree of assurance from the above
observations.

Firstly, the atom must be constituted of a positive nucleus
of extremely small dimensions (but approximately equal in

mass to the atom itself), and a number of electrons distributed
presumably in one or more rings or spherical shells outside the
nucleus, the total number of electrons being equal to the positive

charge on the latter. Secondly, all the physical and chemical
properties of the atom (excepting radioactive and gravitational)

.

are governed solely by the magnitude of this charge on the
nucleus (or atomic number).

Thirdly, in order to explain chemical combination and peri-

odic properties, we must assume that there are two classes of

electrons, an inner and outer set. The outer ones are the elec-

trons which are active in chemical combination and conduction
of electricity through metals. They are the so-called valency
electrons. The number of electrons in this outer set undergoes
periodic changes in value as the atomic charge increases, and
the maximum number of electrons which are stable on the outer
surface of the atom is eight, thus accounting for the periodicity
of eight in Mendeljeff's table'.

The outer electrons are also those which are active in the
production of ordinary emission spectra. If Lorentz's explana-
tion of the Zeeman effect is right, and it is the only one that
explains the phenomenon quantitatively, then we must con-
clude that the lines visible in ordinary emission spectra are due
to the vibration of electrons with frequencies ranging around
10'* per second. The fact that these emission spectra are
modified by method of excitation and also differ with different

compounds, shows that the electrons producing these phenom-
1/. Am. Chem. Soc, 36, 1329, 1914.
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cna are near the surface of the atom and therefore probably
the same as the valency electrons.

On the other hand, the inner electrons are unaffected by
ordinary methods, but hijj;h velocity electrons may stimulate
them and thus produce the high-frequency spectra observed
by MosELEY and others. As pointed out by Kossel the con-
tinuity of the A'-line spectra for the different elements from the
lowest atomic number to the hip;hest, shows that the periodicity

observed in the outer electrons does not extend to the innermost.
C. A. Kraus has stated the reasons for drawing tlie same

conclusions from a chemical standpoint. "The outer elec-

trons," he writes, are held loo.sely and are able to move from
atom to atom. These electrons are very sensitive to changes
in condition, such as temperature, pressure, the presence of

other atoms, etc. So weak is the bond emitting the electron

to an atom, that more electro-negative atoms may remove it

from the original atom in question. The electrons to which
conduction is due in metals are the same electrons which are in-

volved in the common chemical combi7iations of metals with other

elements.

"The less tendency the metal has to retain its electron, the more
electro-positive it becomes and the more readily does it in general

react. Ordinarily, the positive and negative constituents of a
compound are held together through the medium of the electron.

Under certain conditions, however (for example in solution in

a dielectric medium) the electrostatic force acting between the
metallic atom and its electron becomes weakened to such an
extent that the negative constituent escapes, carrying the elec-

tron with it. The same result may be obtained at high tem-
peratures with the fused salt or even with the solid compound."
That is, when sodium and chlorine combine, the sodium

atom gives up an electron to the atom of chlorine (which is

the electro-negative element), and the atoms are thus held
together by the electrostatic forces between the positively

charged residue of the sodium atom and the negatively charged
atom of chlorine. In a solution of high dielectric constant such
as water, these electrostatic forces are weakened to such an
extent that we have the phenomenon known as "dissociation"
and the formation of Na (sodium ion) and CI (chlorine ion).

Naturally the properties of those ions are radically different

from those of metallic Na and gaseous CI2 as we know them.

Sodium sulphite (NaiSOs) 20 g.

Sodium carbonate (NaiCOrlOHiO) 20 g.

Sodium bisulphite (HXaSOs) 20 g.

Cupric acetate (Cu-2C2H302-HiO) 20 g.

Potassium cyanide (100 per cent. KCN) 20 g.

The electrolytic conductivity of metallic lithium dissolved in

liquid ammonia is explained in a similar manner. Here we
actually have a separation of the lithium atom into Li and an
electron, and in the electrolysis, the lithium is deposited at the
cathode while electrons are carried to the anode.
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Similar ideas have been expressed by Sir Wm. Ramsay; G. N.
Lewis; W. Kossel and others. All are agreed upon this conclu-

sion that chemical combination between different atoms con-
sists in the transference of one of the outer electrons from one
atom to the other. But as to the actual distribution of the
electrons in the different atoms and the nature of the forces

between the electrons and the positive nucleus—regarding these

and allied questions there is quite a variation of opinion.
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Element Fluorine 1 Chlorine
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International Atomic Weights, 1916.

Element
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International Atomic Weights, 1916, Continued

Element
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A SHORT ACCOUNT OF THE COMMON ELEMENTS.*

Aluminum.—Atomic weight, 27.1; trivalent; sp. gr., cast,

2.56; rolled, 2.66. A silver-white metal; breaks with crystalline
fracture. Melts at 657°C.; volatilizes at a very high tempera-
ture; specific heat from 0° to 100°C., 0.2270 (mean); latent heat
of fusion, 100 cal.; coefficient of linear expansion, 0.0000231;
heat conductivity, 31.33 (Ag = 100). Is friable at 530°C.
The tensile strength of cast aluminum is about 15,000 lb. per
sq. in.>J)ut this may be increased by drawing to 35,000 lb. per
sq. in. Its conductivity is about 58 (Ag = 100).
The metal cannot be reduced with carbon ; but forms a carbide

AliCj; and a nitride AIX. It is reduced by sodium from its

compounds. Said to be paramagnetic, susceptibility 0.6 X 10~«.

Is very malleable between 100° and 150°C. Is notable for
the lightness of its alloys, and for its energetic reduction of
oxides of other metals (thermit process). It cannot be pro-
duced by direct electroh'sis in aqueous solution but is deposited
electrolytically from a solution of its oxide in cryolite. The
oxide forms the base of most artificial gems.

Antimony.—Atomic weight, 120.2; trivalent usually; sp. gr.

6.71; melts at 632°F., and volatilizes at about 1,500°C. Is

in no degree malleable or ductile; its electric conductivity is

4.2 (.A.g = 100). Has extremely crj-stalline structure; coeffi-

cient of linear expansion, along axis 0.0000168; normal to axis

0.0000089. It may readily be crushed to powder. Hydro-
chloric acid has a slight solvent action on it; nitric acid converts
it to the pentoxide; sulphuric acid first oxidizes it and then
converts it to sulphate. Chlorine reacts directly with the
metal, forming anhydrous chloride. The classic process for

the recovery of antimony is its liquation as sulphide, Sb2Sj,
from rich ores and the subsequent throwing down of the an-
timony by melting with scrap iron. It is also recovered by
subjecting the ore to an oxidizing roast, driving off the anti-

mony in fume, which is caught and reduced to metal. Anti-
mony can also be recovered by lixiviation of the ores with
sodium sulphide, obtaining either NaaSbSs or Na3SbS4. From
these solutions it can be regained either chemically or by
electrolysis. Another important source of antimony is in

refining argentiferous lead. Before mixing in zinc for the
Pattinson process the lead is oxidized slowly for some time to

purify it (softening process). The slag thus formed runs high
in antimony from which it is recovered as antimonial lead.

In refining crude antimonj' (not hard lead) the crude metal
is fused with 8 to 12 per cent, of Sb^Ss and 4 to 5 per cent, of

NaCl to bring it up to 98 to 99 per cent., and then itis given a
final purifying by "starring," in which it is melted in the
presence of SbjSs and soda ash. No iron must be allowed to

get into it during this process; so the iron ladles, etc., are

kept well covered with whitewash.
Argon.—Occurs in the air to the extent of 0.935 per cent.

' For the ordinary properties, see the preceding table.
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It can be prepared by passing atmospheric nitrogen, free from
oxygen and moisture, over red-hot magnesium ribbon; magne-
sium nitride is thus formed while the argon does not combine.

Arsenic.—Atomic weight 74.96; trivalent usually; sp. gr.,

cr\-stalline 5.73, amorphous 4.71; a brittle steel-colored metal,
volatilizes at 450°C., without melting. The metal and the
pentavalent compounds are not poisonous, but the metal easily

oxidizes and the pentavalent form easily reduces to the ex-

tremely poisonous trivalent form. Forms a very volatile

hydride AsHs, which serves as the basis for the famous Marsh
test. Most of the arsenic on the market is recovered from flue

dust, in which the arsenic concentrates. This is roasted in

reverberatories and the roasted arsenious oxide condensed in

large chambers.
Barium.—The properties of this metal are still in doubt,

as it is probable that it has not yet been prepared in a high
degree of purity. The impure form is prepared by reducing
the oxide with magnesium. The peroxide, Ba02, formed by
heating BaO to 500°C. in the presence of air, serves as the basis

of hj'drogen peroxide manufacture. At a still higher tempera-
ture it again gives off oxygen.

Beryllium.—Atomic weight, 9.1; bivalent; sp. gr. 1.842. A
hard, lustrous, white, malleable metal. Melts at 1278°C. Does
not volatilize at 1900°C. Hardness, over 6. Burns like mag-
nesium when in powder or ribbon. Withstands water better
than magnesium, but this apparent inertness may be due to a
film of oxide. Prepared by electrolyzing a mixture of sodium
and beryllium fluorides, or by decomposition of the fluoride by
sodium, potassium or magnesium. Has highest heat of fusion
of any metal, 277 cal. Derives its former name, glucinum, from
the sweetish taste of its compounds.

Bismuth.—Atomic weight, 208; trivalent; sp. gr., 9.80;
the metal is neither malleable nor ductile; it melts at 266°C.
and volatilizes between 1100 and 1450°. Electric conductivity,
1.3 (Ag = 100). This metal is remarkable in that it expands
on solidifying; its sp. gr. is about 10.055 just above the melting
point. It is the most diamagnetic material known. Is

obtained: (1) by liquation in crucibles or retorts of ores carrying
native bismuth; (2) by reduction processes, using Na2C03 as a
flux, beside CaO and FeO, since the fusion temperature of the
slag must be low; (3) as a by-product of electrolytic lead re-

fining; (4) as a by-product of steam Pattinsonizing (Htjlst
process)

; (5) as a result of the wet treatment of the last oxide
coming from the cupellation of lead-silver bullion. Some of its

alloys melt at remarkably low temperatures (see fusible metals
under "alloys").

Boron.—The element is found in nature as boric acid and
borax. It is obtained by reduction as a brown amorphous
powder, which, on dissolving in molten aluminum, separates
on cooUng in crystalline form, said to rival the diamond in hard-
ness. The suboxide is an energetic deoxidizer, recommended
by Weintkaub for insuring high-conductivity copper castings.



258 METALLURGISTS AND CHEMISTS' HANDBOOK

Bromine.—Occurs in the mother Hquors of certain salt-wells

in the United States and at Stassfurt, CJermany. It is liberated
from these liquors by the action of chlorine, or by direct elec-

trolysis. It is, at ordinary temperatures, a fuming red liquid

of unbearable odor, from which it takes its name. It is more
active than iodine and less than clilorine.

Cadmium.—Atomic weij!;ht, 112. -1; always bivalent; sp. gr.,

cast, S.OO; white metal of bhiish tinge, intermediate in hardness
between tin and zinc. Melts at ;-{'20°C.; boils at 778°C., so can
be separated from zinc by volatilization. Is precipitated from
solution by zinc. Is remarkable for its fusible alloys: thus,
2 parts Bi, 1 part Sn, 1 part Pb melt at 93.75°C.; but with
10 per cent. Cd added melt at 75°C., while Cd 14.3, Sn 19.0,

Pb 33.1 and Bi 33.0 melt at 6G°C. Its metallurgy is simply
that of a by-product of zinc. It is greatly concentrated in the
first zinc dust formed in roasting the ores. The cadmium may
then be freed from the zinc in a wet way owing to the fact that
if a mixture of cadmium and zinc oxides be treated with in-

sufficient sulphuric acid to dissolve both, the cadmium will be
dissolved before the zinc will. Moreover, if a mixture of

cadmium and zinc sulphates be agitated with a mixture of

cadmium and zinc oxides, the cadmium will be dissolved and
zinc o.xidc will be precipitated. It is eventually freed from the
last zinc by electrolysis, if a very pure metal be desired. If

this is not necessary, advantage is simply taken of the fact

mentioned above, that CdO is more volatile than ZnO, and also

that CdO reduces at a lower temperature than does ZnO, and
that CdO precipitates Zn from ZnSO* as ZnO.

Caesium.—Of no commercial value. Atomic weight, 132.8.

Discovered by Kihcuoff in the Diirkheim mineral water. Its

spectrum contains two characteristic blue lines, whence its

name.
Calcium.—Atomic weight, 40.07; bivalent; sp. gr., 1.85. A

lustrous, silvery-white brittle metal. It is less malleable than
the alkali metals; shows a crystalline fracture. It melts in

vacuo at 7(J0°C. It forms a hydride. Calls; a nitride, CasNj
and a carbide, CaCz. It is a powerful deoxidizer. Cannot be
reduced by carbon. The metal can be cut with a knife and
wUl scratch lead but not calc spar.

Cerium.—Atomic weight, 140.25; sp. gr., 6.73. It has an
iron-gray color, is soft, being somewhat harder than lead, is

malleable and easily rolled. Fuses at about 800°C. Its most
remarkable property is that of combining with heavy metals,

such as iron or copper, to form dense but easily oxidizable

alloys (the pyropiioric alloys). Fine wire made from the

metal burns with a brilliancy even exceeding that of mag-
nesium. It dissolves easily in dilute acids, but only to a limited

extent in cold concentrated sulphuric or nitric acid. It will

reduce the oxides of most metals or metalloids. On filing or

scraping cerium wdth a knife, the filings or scrapings will take

fire. It can be prepared by fusion of the anhydrous chloride, but
not by direct reduction of its oxide by carbon, as a carbide is
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formed. Lanthanum, praeseodj'mium and ncodymium greath'

resemble it. Cerium fluoride is used in the "flaming-arc" lamj).

Chlorine.—Atomic weight, 35.46. Gas at ordinary tempera-
tures. It derives its name from its greenish-yellow color.

Strongly corrosive to organic tissues as well as to most metals.

A violent poison. Liquefies readih'. It is nuich used in com-
merce as a bleaching material, for which it is derived by the
Weldon process iq-i'-), or by electrolysis of sodium chloride

solutions (Castner-Kellk:er, Gibbs process, etc.). The hypo-
chlorites form the basis for many disinfectants; the chlorates
form the basis of many modern explosives.

Chromium.—A bright gray, very lustrous, very hard crystal-

line metal. Atomic weight, 52.0; sp. gr., 6-7. It oxidizes

slowly in cold air, readily on heating. Does not burn so readily

as iron on heating in oxygen. Combines readih' with the
halogens, sulphur, silicon and carbon.
Chrome-iron ore can be directly smelted with carbon to

give ferrochrome. To obtain pure chromium the chrome-
iron ore is roasted with sodium carbonate or sodium carbonate
and lime. The mass should not be fused. From this sintered

mass sodium chromate can be leached out. If H2SO4 is added
to sodium-chromate solutions the bichromate is produced.
Sodium bichromate can be reduced with sulphur to give

chromous anhydride, which can then be reduced with carbon
or with aluminum. In the carbon reduction the metal is not
fused, but remains as a powder. Chromium alloys readily with
iron, manganese, cobalt and tungsten ; with other metals only
with difficulty. It can also be prepared bv aluminum reduction.

Cobalt.—Atomic weight, 58.97; trivalent; sp. gr. 8.66-8.92.

A silver-white metal, melts at 1610°C. if pure. Yield point,

31,200-65,600 lb. per sq. in. Specific heat, 0.1056 (15°-100°).

This is the most magnetic element except iron. Exceeds iron
both in hardness and tenacity. May be turned with ordinary
lathe tools. Brinnell hardness, chilled from melting point,

90.8; annealed from 250°C., 77. .3. Cobalt may be separated
from nickel when both are in solution b^' precipitation with
milk of lime or with calcium hypochlorite; the cobalt comes
down first.

Copper.—Atomic weight, 63.57. The only red metal.
Bivalent. Tough; ductile. The best conductor of electricity

(except perhaps silver); the third best conductor of heat.
Recoverj' of copper is chiefly by smelting sulphide ores to give
a copper-iron sulphide, the earthy materials forming a fusible
slag, then blowing air through the sulphide (known as matte)
getting metallic copper, sulphur dioxide, and ferrous oxide,
which is slagged by addition of silica. This smelting may be
done in either blast or reverberator^' furnaces. The metal
from the desulphurizing operation (converting) is then furnace
refined if non-argentiferous, or by electrolysis if silver-bearing.
Copper is also produced by direct reduction of oxide and car-
bonate or roasted sulphides to metal (black copper) and by
wet processes, as at Rio Tinto, Wallaroo, Chuquicamata, etc.



260 METALLURGISTS AND CHEMISTS' HANDBOOK

A preliminar>' concentration of the copper minerals in an ore
hy gravity or flotation is also niurh practised.

Fluorine.—A slifj;htly greenish-yellow gas, occurring in nature
chiefly in fluorspar. One of the most active of the elements.
Combines with hydrogien even in the dark. It is the only
element e.xcept those of the argon group which will not combine
with oxygen. It attacks all metals except platinum and gold,

and decomposes most organic compounds. It is used to etch
on glass (as HF), as an electrolyte in lead refining (as HjSiFg),
as a valuable flux (as CaFjj, and in the manufacture of alu-
minum (as NajAlFe).

Gallium.—A rare metal which, although tough, may be cut
with a knife. With aluminum it forms a liquid alloy which
will decompose water.

Gold.—Atomic weight, 197.2 (O = 16); trivalent; sp. gr.,

19.29-19.37; the only yellow metal; most malleable and ductile
of all metals; softer than silver, harder than tin; tenacity,
about 14,000 lb. per sq. in. with 30.8 elongation. Melts at
1063°C., begins to volatilize at 1100"C. and volatilizes four
times as fast at 1250°C. Electric conductivity 76.7 (Ag = 100).

One oz. of gold leaf covers about 160 sq. ft. U. S. gold coin is

900 parts gold, 10 parts copper. Gold is recovered either by
purely mechanical concentration (panning, etc.), by amalgama-
tion, by dissolving it in chemical reagents (chlorination, cyanida-
tion) or by recovering it in a fusion process with copper or lead.

Has very small tendency to absorb gases when molten, but
absorbs about 0.7 per cent. H, CO, and other electropositive

gases when cold, if it is finely divided. It is dissolved by no
one acid except nitrous, but is dissolved by any mixture (such
as aqua regia) generating chlorine and bromine. Except in

the thiosulphate, it does not play the part of base to oxy-acids.
Gold possesses the lowest solution tension of any metal.

It may be precipitated from its solution by even the weakest
reducing agents, such as H, P, As, Sb, C, by nearh' all metals
(except from cyanide solution, from which it can be separated
only by zinc and metals more electropositive than zinc),

by metallic sulphides, by protosalts of iron, tin, etc., by hypo-
phosphites, sulphites, SO2, the lower oxides of nitrogen, arsenic,

oxaUc acid, etc.

Helium.—First discovered by spectroscopic observation of

the sun. One of the rarest of the elements on the earth's surface.

Found in some uranium minerals, is given off by the gases of

certain .spring.s, and is found in the air in the proportion of

0.0005 per cent. It is absolutely inactive. Atomic weight, 3.96.

Iodine.—Atomic weight, 126.92. Occurs at ordinary tem-
peratures as beautiful violet to black crystals. It is largely

used in the aniline color industry, in making iodoform and in

potassium iodides in photography and medicine. The chief

sources of iodine are the mother liquors of the Chilean nitrate

industry and the ashes of sea weeds. It is readily precipitated

from iodates thus:

2Nal03 -t- SXajSOj + 2XaHS03 = SXazSO^ + H2O + I2
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Iridium is insoluble in every acid, differs from platinum in

not being soluble in aqua regia, although when the iridium is

very finely divided it is attacked by this reagent. Fusion with
acid potassium sulphate oxidizes it but does not dissolve it

(distinction from ruthenium). It also oxidizes to the trioxide,

lr203 when heated with fused sodium nitrate and hydroxide,
or with hydroxide alone in the presence of air, but the residue

is but slightly soluble in water. Iridium may be distinguished

from platinum by suspending the precipitate produced with
caustic alkalis in a solution of potassium nitrite and the
solution saturated with SO2 and boiled, renewing the water so

long as SO2 is given off, all of the iridium is converted to an
insoluble brownish-green basic iridic sulphite. Iridic salts are

reduced by alcohol in alkaline solutions to iridous compounds
soluble in hydrochloric acid. For a method of decomposing
osmiridium, see "osmium," p. 264.

Iron.—A white metal of atomic weight, 55.84. Forms two
series of compounds, ferric (trivalent) and ferrous (bivalent)

which pass from one form to the other by very gentle reduction
or oxidation.

Iron is the most magnetic of the metals. It alloys readily

with most of the earth metals, onh' slightly with Pb and Cu.
In the presence of Si, iron will dissolve more Cu than otherwise,

that is cuprosilicon is dissolved more readily than is pure Cu. Fe
alloys readily with C, Si, P, S and O.

Iron Metallurgy.—Iron is produced by a reducing smelting
after concentration or roasting or both. The slag, usually
known as cinder, differs from that of the lead and copper
metallurgists in being a calcium-aluminum silicate. The use
of preheated blast, often previously dried, is also at variance
with non-ferrous practice. The iron produced always contains
Si, C, P, S, etc. Indeed most of the usefulness of iron de-
pends on its carbon content; so a list is herewith appended of

the carbides of iron and their modifications, with the names
applied to them by the iron metallurgists.

Ferrite.—Chemically pure iron: a-iron, magnetic and free

from C, passes at 780°C. into /3-iron, which is non-magnetic
and practically incapable of dissolving C. Above 880°C.
/3-iron passes into 7-iron which is non-magnetic and capable
of dissolving C or FesC.

Cementite.—Iron carbide, FesC.
Austenite and Martensite.—Solid solutions of FcaC in

7-iron.

Troosite.—Colloidal solution of FcsC in Fe.
Sorbite.—Mixtures of Fe, Fe^C and solid solutions of FesC

in Fe.

Penrlile.—The eutectic between ferrite (Fe) and cementite
(FeaC). It corresponds to 0.9 per cent. C, or (FejC + 20Fe).
Temper Carbon.—Non-graphitic carbon which separates

from white iron by keeping it for a long time at a temperature
near 1000°C., during which time the finely divided cementite
changes into a mixture of ferrite, pearlite and temper carbon.
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Temper carbon is more readily oxidizable than graphite or
carbide carbon.

Forgeablc Iron.—The saturation point of FcsC in Fe is

reached at 2 per cent. C (2 FcsC + 15Fe). Anything up to
this point may be regarded as forgeable iron.

Steel Hardening.—This is explained by assuming a trans-
formation of pcarlite to martensite, and the maintenance of this

s&lid solution by quenching.
Malleablizing.—By exposing white iron for a long time to

about 1000°C., the dissolved FcsC is converted into Fe and C,
but the carbon is not present as graphite, but in an easily

oxidized state. It is then oxidized by FC2O3 or FeCOa.
White iron is a supercooled solution and may be regarded

as a metastable system between FcsC and Fe, in which the
reaction FcaC = 3Fe + C has not been allowed to take place.

Gray iron is a stable system Fe—FcsC—C. It has had time,

at the different temperatures and concentrations to reach a
more or less complete state of equilibrium. During the cooling

some of the FcaC has decomposed into Fe and C, the latter

being found as graphite. See also Bessemer (p. 493), Thomas
GiLCHHisT (p. 496) and Siemens-Martin (p. 496).

Krypton.—Present in tlie proportion of 1 : 1,000,000 in air.

Inert. Has a characteristic spectrum, noticed especially in

the Aurora Borealis. Atomic weight, 45. Discovered by
Kamsay in the last liquid from the evaporation of liquid air.

Lanthanum.—Greatly resembles cerium, which see. It occurs
chiefly in monazite sand.

Lead.—Atomic weight, 207.1; tetravalent; sp. gr., 11.35-

11.37, when molten, 10.37-10.65; a dull gray metal, malleable
but not ductile; tenacity the lowest of any common metal.

Melts at about 326°C.; electric conductivity 10.7 with silver

100. Heaviest of all base metals. Fuses at 325°C.; boils at

1525''C. Has a great affinity for all the noble metals and is

often used as a carrier in their extractions.

Lead is obtained by its ores by roast-reaction process

(2PbO -I- PbS = 3Pb + S02or PbSO* + 2PbS = 3Pb -I-3SO2);

by the so-called precipitation process (PbS + Fe = Pb ^- FeS);
or by reduction with carbon of oxide and carbonate ores or

previously roasted sulphides. The argentiferous lead is re-

fined by either the Parkes, Pattinson or Betts processes

iq.v., pp. 493, 494, 495).
Lithium.—Atomic weight, 6.94; monovalent; sp. gr., 0.5936.

A soft silver-white metal. Alelts at 186°C.; vaporizes at about
lOOO'C. Below 200°G. may be melted in the air; above that,

bursts into flame. Decomposes water at ordinary temperatures.
It is the lightest known metal.

Magnesium.—Atomic weight, 24.32; bivalent; sp. gr., 1.75.

A white lustrous metal of fibrous crystalline structure. Mal-
leable and ductile, not tough. Melts at 651°C.; boils at about
1 120°C. Large pieces oxidize superficially. In powder it

burns readily. Comljines readily with nitrogen at elevated

temperatures. Is a good deoxidizer. Lightest of metals in
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common use. When powdered, it is highly combustible,

burning with a vivid light.

Manganese.—Atomic weight, 54.93; usually bivalent, may
be heptavalent; sp. gr. given by various authorities at from
7.39 to 8.30. Silvery, lustrous, hard, brittle, smooth fracture.

Melting point, 1260°C. Volatilizes considerably even at the
melting point. Boils about 1900°C. Cannot be reduced by
carbon to pure metal, as some MusC is always formed, but can
be produced in comparative purity by reduction of Mn203 by
aluminum. Is used commerciallj' mainly as ferromanganese,
which is formed b}^ direct reduction of manganese and iron ores.

Mercury.—Atomic weight, 200.6; bivalent; sp. gr.,when fluid

at 0°C. ,13.59, solid at - 40°C., 14.19. Silver white with bluish

tinge. Melts at — 39.38°C. Contracts on solidification,

forming a white, very ductile, very malleable mass, which
can be cut with a knife. Specific heat from — 78° to — 40°C.
is 0.0247; of the fluid metal, to 100°C., 0.0333. Electric con-
ductivity at 22.8°C. is 1.63. Heat conductivity, 67.7 (Ag
= 100). Boils at 360°C (Dtjlong and Petit). Amalgamates
readily with gold, silver, zinc, tin, cadmium, lead and bismuth;
with copper when finely divided; with arsenic, antimony and
platinum with difficulty ; with iron, nickel and cobalt not at all

directly. Is obtained by smelting the ores and catching the
flue dust, in which the mercury condenses.
Molybdenum.—Atomic weight, 95.3; quadrivalent; sp. gr.,

8.62-9.01. A white, extremely lustrous, very hard metal.
Acids scarcely affect it, except nitric, which converts it to
molybdic oxide or acid. The sulphides readilj^ form thio-salts

with alkaline sulphides. Remains unchanged in air at ordinary
temperatures, but oxidizes slowly when heated to redness. Used
in high-speed steels, where it exercises about twice the influence

that tungsten does. It cannot be produced pure by direct

reduction of the oxide by carbon.
The reduction test for molybdenum is as follows : A small

quantity of molybdate or wulfenite, in a powdered state,

together wath a scrap of paper, should be placed in a test-tube
with a few drops of water and an equal quantity of concentrated
sulphuric acid. The tube and its contents should then be
heated until the acid fumes begin to come over. After allowing
the tube to cool, watej should be added, a drop at a time. The
addition of the first drops gives rise to a deep blue color, which
disappears as more water is added.
Neodymium.—Greatly resembles cerium, which see.

Nickel.—Atomic weight, 58.58; sp. gr., cast, 8.35, rolled or
hammered, 8.6 to 8.9; is very hard; can be rolled to sheets not
over 0.0008 in. thick and drawn into a wire 0.0004 in diameter.
According to Shakell the tenacity is 42.4 tons per sq. in. for
annealed wrought nickel. It melts at 1452°C. when pure; the
melting point is considerably lowered by carbon. Nickel
is attracted by a magnet (Ni : Fe:: 1 : 1.54), but it loses this power
at 340°C. Its electric conductivity is 12.9 (Ag = 100). The
metallurgy of nickel somewhat resembles the fire metallurgy
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of copper, in that the ores are smelted, following either wet
concentration or roasting, or both, and tiie nickel-copper
matte is bessemcrized, but the converting process is not
carried so far as in copper. In constitution nickel matte seems
to vary, as the nickel content increases, from (NijS and FeS)
to (XiaSjand FeS) to pure Ni3S2 or even a solution of Ni in NiaSj.
Nickel speiss consists of NisAso, NiAs and probably NijAsz.
The partly bessemcrized mattes and speisses are then given the
so-called "top and bottom smelting"—a reducing fusion with
sodium sulphate. The product of this fusion consists of a
layer of slag, a Cu-Fe-Na matte, and a Ni-Fe matte at
the bottom. By repeated top and bottom smeltings a copper
matte practically free from nickel and a nickel matte practically
free from copper are obtained.
The nickel matte is then worked up by one of numerous wet

processes. A part of the present Ni-Cu matte from the
Canadian Copper Co.'s works is worked down into metal (the
so-called monel metal) without separation of the nickel, copper
and iron. The electrolytic baths are probably neutral sulphate
containing considerable amounts of borate. An interesting
method of nickel recovery from products in which the nickel
occurs as oxide, oxide ores or wasted sulpliides is the Mond
process. A reducing roast is given the ores in retorts heated
to 300°C. with gases containing H, wherebj' the nickel oxide
is reduced to sponge Ni. The reduced nickel is then exposed
to gas containing CO at 100°C. and 15 atmospheres pressure.
Volatile nickel carbonyl is formed. This is stable at 50°C. at
2 atmospheres pressure; at 100° at 15 atmospheres; at 180°

at 30 atmospheres; and at 250° at 100 atmospheres. The
vapors of Ni(C0)4 escaping from the vessels under pressure
can be dissociated by simply lowering the pressure. The
electrolyte formerly used by the Balbach works was said by
Ulke to be a hot nickel sulphite, the current density to be 15
amp. per sq. ft. and a tank voltage of 1.7-1.8 volts.

Osmium,—The heaviest of all metals; sp. gr., 22.48; atomic
weight, 190.9. Osmium is volatilized in, but not melted by
the oxyhydrogen blowpipe. When strongly heated in contact
with air the finely divided metal burns to osmic anhydride,
OsO^ (usually known as osmic acid). This oxide is remarkable
for its peculiar, exceedingly irritating and offensive odor. It

is injurious to the eyes and is extremely poisonous. This
oxide is soluble in water, giving a neutral solution, from which
it is precipitated by nearly all metals, even silver, as a black
precipitate. Fuming nitric acid or aqua regia also oxidizes

osmium to Os04. When intensely ignited, osmium is rendered
insoluble in acid, and must be fused with niter and distilled

with HNO3, when OSO4 will distil over. All compounds of

osmium yield the metal when ignited in hydrogen. Osmiridium
may be attacked by mixing it with common salt or potassium
chloride and exposing it in a glass or porcelain tube to a current
of moi.st chlorine gas. Osmic acid is formed, which volatilizes

below 212°C. and can be condensed and fixed by passing the
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fume into an alkaline solution. Iridium remains behind in the
tube as a double chloride, 2KCMrCl4.

Palladium is the most fusible of the so-called platinum metals.

The metal oxidizes when heated in air. It absorbs hydrogen to

a large extent. A solution of iodine produces a black stain on
palladium, but has no effect on platinum. The best solvent
for palladium is aqua regia. It is sparingly soluble in pure
nitric acid, but dissolves more readily in fuming nitric acid,

forming palladious nitrate, Pd(X03)2. All palladium com-
pounds decompose on ignition.

Phosphorus.—Found in nature chiefly as the tri-basic

calcium phosphate. To produce phosphorus the calcium
phosphate is treated with sulphuric acid in lead-lined tanks.

This converts the tricalcium into monocalcium phosphate.
The clear solution is then drawn off and the precipitate thor-

oughly washed. The solution and washings are evaporated
to 45°Be. and about 25 per cent, of coke or charcoal added and
the pastj^ ma.ss dried in iron pans. The dry mixture is then
distilled in cast-iron retorts and the fumes passed into a con-
denser containing w'ater, under which the phosphorus collects.

Phosphorus melts at 44°C. and distills at 269°C. It must be
kept under water.

Platinum.—Atomic weight, 195.2; tetravalent; sp. gr., cast,

21.5; a white metal of a grayish tinge; is very malleable and
ductile; harder than copper, silver and gold; tenacity about
23,000 lb. per sq. in. (Deville and Debray); electric con-
ductivity 13.4 at 0°C. (Ag = 100); melts at 1755°C., but is

sensiblj'^ volatile at 1300°C. Is mainly recovered from alluvial

deposits, but is also got in Wohlwill's process of electro-

Ij'tic gold refining, where it remains in the solution. It is

affected by fused alkaline hj-droxides, phosphorus, cyanides,
sulphides and halogens. Platinum is not acted upon either by
pure hydrochloric, nitric or sulphuric acid. It dissolves in

aqua regia and other mixtures, evolving chlorine, but less

readily than gold, so that gold which has been fused to platinum
can be dissolved by dilute aqua regia at moderate temperatures
without injuring the platinum. When alloyed with silver,

lead and some other metals it is dissolved (see tables on
pp 328, 329).

Potassium.—Atomic weight, 39.1; monovalent; sp. gr., 0.865.

A bluish-white metal, softer than sodium; fuses at 62.3°C.,
vaporizes about 700°C. The vapor is greenish. Like sodium
in its reactions (q.v.). However, there is an explosive material
left in the retorts when potassium carbonate is reduced by
carbon, and the process is dangerous. It is found in greatest
abundance in the salt deposits of Stassfurt, Germany.

Praeseodymium.—Greath^ resembles neodj^mium, which see.

Occurs chiefly in monazite sands.
Rhodium is found in the insoluble residue resulting from the

treatment of crude platinum with aqua regia. It is, when pure
and in a compact state, not acted upon bj- even aqua regia,

but when alloyed with lead, copper or bismuth in certain pro-
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portions it dissolves in it. When alloyed with gold or silver

it does not dissolve. It is oxidized by air at a red heat, or by
fusion with potassium hydroxide and niter. It is converted by
fusion with acid potassium sulphate into the soluble potassium
rliodic sulphate K6Rh2(S04)6. Mixed with sodium chloride
and ignited in chlorine it forms the easily soluble 3XaCl-
RhCUHiO. Rhodium is distinguished from the other platinum
metals by its insolubility in aqua regia, its solubility in fused
IIKSOi, and the formation of a brown precipitate on adding
KG 1 1 and alcoliol to rhodium-chloride solution.

Ruthenium is found in the insoluble residue resulting from
the treatment of platinum ore witli aqua regia. It is a grayish-
white metal, closely resembling iridium and very difficultly

soluble. When heated in air it becomes covered with bluish-
black ruthenic oxide, RujOs. When pure it is unacted on by
acid, and is scarcely acted on by acid potassium sulphate. It

is attacked by fusion with potassium hydrate and niter, or
potassium chlorate and is converted into K2RUO4, a dark-
green mass, soluble in water to an orange-colored fluid which
stains the skin black. Ruthenium is rendered soluble by
ignition with potassium chloride in a current of chlorine, being
converted to 2KCIRUCI4.

Selenium.—An element originally recovered from the dust
chambers and mud of the lead chambers of sulphuric-acid
plants. The classic process is to leach the mud with concen-
trated potassium cyanide, forming KCXSe, and then precipi-

tating the Se by adding hydrochloric acid. My own process,

by which much of the commercial selenium is now obtained,
is to oxidize seleniferous flue dusts with HCl and XaClOj, then
after all the free chlorine is gone, precipitate the metal with
sulphur dioxide. The precipitate is then washed and dried.

Selenium occurs in several amorphous modifications, some
soluble in CS2, some insoluble; in certain crystalline forms
when precipitated from solution; in a vitreous form when
melted and cooled quickly; and a so-called metallic form when
melted and cooled slowly. This metallic modification has the
remarkable property of altering its electric conductivity when
illuminated. The vitreous modification passes over into the
metallic when heated for some time above 180°F. There is a
considerable evolution of heat during the change.

Silver.—Atomic weight, 107.88; monovalent; sp. gr., cast

10.50. minted 10.57. Melts at 962°C., boils at 1850°C.
Moissan). It is the whitest of metals, harder than gold, softer

than copper, more malleable and ductile than any metal except
gold, the best conductor of heat and electricity of known
substances. (Some authorities state that gold is the best
conductor of heat and copper of electricity. In any case the dif-

ference is slight.) It volatilizes at high temperatures, yielding

a green vapor. In the molten state it has the property of absorb-
ing twentj'-two times its volume of oxygen, which is given outon
cooling, causing the so-called spitting of silver. This occurs
only with the pure metal. Small quantities of copper, bismuth
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and zinc entirely prevent it, as does also an inert cover. Arsenic

antimony, bismuth and lead render silver brittle. It is re-

covered by amalgamation, by chemical processes (Augustin,
ZiERVOGEL, Kiss, Russell, Patera, Patio, Cyanide, etc.) and
from the impure bullion from lead or copper smelting. From
lead it is recovered by the Pattinson, Parks and Betts
processes (q.v.) and from copper by electrolytic parting.

In both these cases it contains gold, which is then recovered
either by dissolving the silver by sulphuric or nitric acid, or

by electrolj-tically refining the silver by the Moebius or
Thtjm process. The auriferous silver bullion is known as dor6.

Silver does not oxidize in air, even if heated, but is easily at-

tacked by sulphur and its compounds. It is attacked by nitric

acid, and by hot sulphuric, scarcely at all by hydrochloric nor
by the halogens and not at all by fused alkaline hydroxides.

Sodium.—Atomic weight, 23.00; monovalent, sp. gr., 0.974.

A soft silvery-white metal, which may be kneaded at ordinary
temperatures. Melts at 95.6°C.; vaporizes at about 900°C.
Dissolves in anhydrous ammonia. Decomposes water at
ordinary temperatures, and must be kept under oil. Burns in

dry air to the peroxide, Nao02. Practically all sodium com-
pounds are soluble. Can be reduced from the carbonate by
carbon.

Strontium.—A soft white metal. Found chiefly in nature
as carbonate and sulphate. Is used in the manufacture of

fireworks for red fire, and in the refining of sugar.

Tantalum.—Atomic weight, 181.5. A rare element usually
occurring with columbium. Below 200°C. the metal is not at-

tacked by air, oxygen or any acid except concentrated hydro-
fluoric. Not attacked by aqua regia, or by alkaline solutions,

but is by fused alkalies. Can be used for electrolj^tic cathodes,
but not as anodes, as it oxidizes under anodic action.

Tellurium.—A metal much like selenium. Occurs usually
as gold or silver telluride. About the only method of separating
from selenium, if the two are mixed, is to make a fractional

separation with SO2, for selenium precipitates from concen-
trated hydrochloric-acid solutions with SO2, while tellurium
does not, or by taking a mixture of finely divided precipitates,

leaching with concentrated cyanide solutions at ordinary tem-
peratures, heating the solution, and filtering hot. The selenium
is dissolved.

Tin.—Atomic weight, 119.0; quadrivalent; sp. gr., cast

7.287, rolled 7.30, tetragonal form (electrolytically deposited)
7.25, rhombic 6.55, ordinary commercial about 7.5, friable

modification (due to tin pest) 5.8; melts at 232°C.; boils at

2100°C. ; specific heat, 0.0562; coefficient of linear expansion,
0.00223; heat conductivitv, 15.2 (Ag = 100). Most malleable
at about 100°C., most brittle at about 200°C. Rolls to sheets
not over 3^ooo inch thick. Tensile strength of very pure bars
2420 lb. per sq. in. (H. Louis), of hammered 2540 lb. per sq. in.,

commercial about 4600 lb. per sq. in., tin foil about 5980 lb.

per sq. in. Breaks down at low temperatures to a gray granular
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powder (tin pest); the change commences at 18°C., and is most
rapid at -48''C. Boils at IoOO°to 1000°C\ if heated out of access
of air. It is but little afifected by air and moisture at ordinary
temperatures. Electric conductivity, 14.4 (.\g = 100). De-
creases in volume by 6.75 per cent, on solidification. Acted
on by CI, HCl, II2SO4 and IINOj, but is only oxidized by latter

and docs not form nitrates. Ores are usually concentrated,
roasted if required and smelted in shaft or reverberatory
furnaces, and refined bv fire processes. Analyses of English
tin show (H. Louis, "iMetallurgv of Tin"): Sn, 98.64-99.76:
Fe, tr-0.13; Pb, 0-0.20; Cu, tr-1.16. Tin from Pulo Brani
showed, Sn, 99.76; Sb, 0.07; Pb, 0.02; Fe, 0.14; Cu, As, none.
Is perceptibly volatile at 1200°C. Because of the high specific

gravity of tin oxide it is ordinarily concentrated by me-
chanical means before smelting. The smelting of tin is diffi-

cult because it tends, when there is an excess of base in the
slag, to enter it as an acid, forming stannites and stannates, while
if there is an exce.s3 of silica tin enters the slag as a base.

Tungsten.—An almost white, very lustrous hard metal.
Atomic weight, 184.0; sp. gr., 19.3-20.2. It begins to oxidize
only at elevated temperatures in air. It can be reduced by
carbon from the oxide. Ductile tungsten is practically insolu-
ble in the common acids, it has the highest melting point of
any metal (3267°C.); it is paramagnetic, and its wire can be
drawn to smaller sizes than can the wire of any other metal.
The chief commerciallj' important forms are sodium tungstate,
largely used for fireproofing and as a mordant, and tungsten
as a constituent of high-speed steels. The recovery is entirely

by chemical methods: (1) fusion with sodium carbonate;
leaching out sodium tungstate with water; precipitation of

WO3 bj' acidifj'ing with hydrochloric acid, followed by reduc-
tion with carbon. A little W2C and WC is formed in this re-

duction and dissolved by the metal. Ferrotungsten can also

be formed by direct reduction of wolframite or scheelite with
iron compounds and powdered quartz or glass. The carbon-
free metal can also be produced by the aluminum-reduction
process.

A general test for all tungsten ores is carried out as follows:

Strong hydrochloric acid is added to the ore, which is first

pulverized to as fine a powder as possible, and part of the
tungsten will pa.ss into the solution. Metallic zinc should then
be added and the mixture boiled. A fine azure blue denotes the
presence of tung.sten.

When any ore containing tungsten is fused with sodic

carbonate, leached out with hot water and filtered, the tungsten
pa.sses into the filtrate. If hydrochloric acid is added the
tungsten is precipitated. This precipitate is insoluble in all

acids, dissolves readily in ammonia, and is of a fine j-ellow

color. A little of this j'ellow powder, if added to a bead of

salt of phosphorus and treated in a reducing flame, using a blow
lamp, gives the fine blue bead characteristic of tungsten.

Uranium.—A white lustrous, very hard metal, oxidizing in
,



CHEMICAL DATA 269

air only at high temperatures, but igniting in pure oxygen at

170°. Fluorine attacks it at ordinary temperatures, chlorine

at 180°, bromine at 210° and iodine at 260°C. It combines
with sulphur at about 1000°C. to form a black sulphide and with
nitrogen at about 1000°C. to produce a yellow nitride.

Vanadium.—Atomic weight, 51.0; sp. gr., 5.50; melts at 1720°.

According to Borchers the purest metal yet obtained was a
gray lustrous powder which ignites readily in the Bunsen flame.

It dissolves with great difficulty in hydrochloric or dilute

sulphuric acid, but more readily in strong sulphuric acid, in

hydrofluoric acid or in nitric. With fused alkali-metal hydrox-
ides it forms vanadates. At elevated temperatures it combines
readily with the halogens, sulphur, or even with nitrogen.

Xenon.—Occurs in the atmosphere in the proportion of

1 : 20,000. Heaviest of the rare gases.

Zinc.—Atomic weight, 65.37; always bivalent; sp. gr., cast,

from 6.861 to 7.149; when rolled, 7.2 to 7.3; when fluid, 6.48 to

6.55. Boils at about 920°C. Melts at 415°C. Specific heat
at 0° to 100°C., 0.09555 (Regnault); probably 0.1015 from
100° to 300°C. It burns in air at about 505°C. Zinc is brittle

at ordinary temperatures, especially if impure, but between
100°C. and 150°C. it becomes malleable and ductile, and may
be rolled into sheets and drawn into wire, and retains these
properties after cooling. At 205°C. it again becomes so brittle

that it may be powdered in a mortar. When cast at a tempera-
ture near its melting point it is more malleable than when cast

at a higher temperature. In malleability zinc ranks between
lead and iron ;in ductility between copper and tin. In hardness
it stands between copper and tin; more exactly between silver

and platinum, being 2.5 on Moh's scale, 6 on Turner's sclerome-
ter, and 1077 on Bottone's scale, on which the diamond is

3010. The thermal conductivity is given from 19 (Wiedemann)
to 64.1 (Calvert and Johnson), silver being 100. Its electrical

conductivity is 16.92, mercury at 0°C. being unity. On the
basis of silver = 100, Becquerel gives its conductivity at
24.06, and Weiller at 29.90. According to Roberts-Austen
the coefficient of linear expansion is 0.0000291; Calvert and
Johnson give it at 0.00002193 for hammered zinc. The tensile

strength of zinc varies from 2700 lb. per sq. in. for cast metal to

17,700 for an annealed rod. Zinc dissolves readily in both acid
and alkaline solutions with evolution of hydrogen. A moderate
tenor in lead makes zinc malleable and ductile; over 1.5 per
cent. Pb is certainly detrimental. Iron up to 0.2 per cent,
does not greatly affect the properties of zinc, above that it

makes it less fluid, less malleable, less strong, harder and more
brittle. Cadmium seems to have no injurious influence except
when the spelter or ore is to be used for making zinc oxide.

Copper makes zinc harder and more brittle, even if only 0.5

per cent, be present. Tin also makes it harder and more
brittle. Other impurities are of minor importance, but silver,

thallium, indium, magnesium, aluminum, antimony, arsenic,

sulphur, carbon, chlorine and oxygen occur. The metal
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is produced by smelting the ores in retorts with carbon as
a reducing agent, and extraneous fuel to heat them. A fusible

slag is not wanted. Sulphide ores must be roasted clean before
distillation. The loss of zinc in the smelting process, due to
retort ab.^orption, escape through the pores of the retorts,

escape of uncondensed zinc through the adapters, through zinc
left in the retorts, etc., is very seldom below 10 per cent, and
may amount to 25 per cent.

Zirconium.—Atomic weight, 90.6; ."^p. gr., 6.4; melts about
2350°C., occurs as the natural oxide and as the silicate (zircon).

It was used as the incandescing material in the first gas mantles.

DETECTION OF THE METALS

Aluminum.—Is precipitated as white gelatinous hydroxide by
ammonia. When the oxide is strongl}' heated on charcoal with
cobalt nitrate, a bright-blue mass is obtained. With soda
before the blowpipe it swells and forms an infusible compound.

Antimony.—When a small quantity of an antimony com-
pound is heated in the upper reduction zone of a Bunsen
burner on a thread of asbestos, the flame is given a bluish tinge
and when a small porcelain basin filled with cold water is held
above it, a brownish-black deposit of metallic antimony is

deposited upon the basin, and this is but slightly attacked by
cold nitric acid and is insoluble in sodium hypochlorite. Arsenic
gives a similar reaction, but arsenic gives a garlic-like odor
during the reduction, and the metallic film is readily soluble in

the hypochlorite. Antimony compounds may be obtained in

solution by treating with HCl or by fusing first with potassium
carbonate and potassium nitrate. Hydrogen sulphide produces
in acid solution a ver\' characteristic orange-red- colored pre-
cipitate of antimony trisulphide. Blo^-pipe tests—on coal,

reducing flame, volatile white coat, bluish in thin layers, con-
tinues to form after ces.sation of blast. With bismuth flux on
plaster, orange-red coat, made orange by (\H4)jS; on coal,

faint yellow or red coat. In open tube, dense, white, non-
volatile amorphous sublimate. The sulphide, too rapidly
heated, will yield spots of red. In closed tube the oxide will

yield a white fusible sublimate of needle crystals; the sulphide,

a black sublimate, red when cold.

Arsenic.—Mix with sodium carbonate and heat on charcoal
with the blowpipe. All arsenic compounds give a garlic odor.

Add to concentrated hydrochloric acid a iFew drops of an
arsenite solution and half a cubic centimeter of saturated
solution of stannous chloride in hydrochloric acid, warm, and
the solution turns brown, then black. Blowpipe—on smoked
plaster gives a white coat of octahedral crystals. The action
on coal has already been spoken of. With bismuth flux on
plaster Sb gives a reddish-orange coat, made yellow by (NH4J2S;
on coal a faint yellow coat. In open tube it gives a white
sublimate of octahedral crystals. Too high heat may form
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brown suboxide or red or yellow sulphide. In closed tube
may give white oxide, yellow or red sulphide, or black mirror
of metal. Flame—azure blue.

Barivun.—The Bunsen flame is colored a yellowish-green tint

when any volatile barium compound is brought into it. Soluble
barium salts are distinguished from those of strontium and
calcium inasmuch as they are immediately^ precipitated by a
solution of calcium sulphate. Blowpipe—on coal, with soda,
fuses and sinks into the coal. The yellow-green flame can be
improved by moistening with HCl.

Bismuth.—On charcoal with soda, bismuth gives a very
characteristic orange-yellow sublimate. Brittle globules of the
metal are also reduced on the charcoal when treated with soda.
Hydrogen sulphide precipitates from solutions of bismuth salts

a blackish-brown sulphide (Bi2S3) insoluble in ammonium
sulphide and easily soluble in nitric acid. Ammonia throws
down a white basic salt insoluble in excess. Blowpipe—with
bismuth flux (sulphur, 2 parts; potass, iodide, 1 part; potass,
bisulphate, 1 part) on plaster, bright scarlet coat surrounded by
chocolate brown with sometimes a reddish border. The
brown may be made red with ammonia. With bismuth flux,

on coal, gives a bright-red coat with sometimes an inner fringe

of yellow.
Cadmium.—Cadmium is precipitated as a yellow sulphide

by hydrogen sulphide. The sulphide is insoluble in ammonium
sulphide and in the caustic alkalies. On charcoal with soda,
compounds of cadmium give a characteristic sublimate of the
reddish-brown oxide.

To test for cadmium in a sulphide, roast it to oxide, and
reduce some of the oxide in the upper reducing flame of the
Bunsen burner, at the same time holding a glazed porcelain
dish which contains water just above the flame to receive

a brown coating. To the brown coating add a drop of AgNOs
solution; if Cd is present, black metallic silver will be de-
posited. Blowpipe—on coal, reducing flame, greenish yellow
in thin layers. Beyond the coat, at first part of operation,
the coat shows a variegated tarnish. On smoked plaster

with bismuth flux Cd gives a white coat made orange by
(NH4)2S. With borax or sodium phosphate, oxidizing flame,

clear yellow hot, colorless cold, can be flamed milk white. The
yellow bead touched to Na2S203 becomes yellow.

Caesium.—H2PtCl6 produces a bright-yellow crystalline

precipitate, a brighter color than the potassium salt thus pro-
duced, and is much more soluble than the potassium salt.

The flame test is reddish violet, similar to potassium.
Calcium.—Calcium compounds moistened with hydrochloric

acid and placed on a platinum wire in the hottest part of a
Bunsen flame impart a red color to the flame.
Calcium may be precipitated from solution as oxalate by

first making the solution ammoniacal and then adding am-
monium oxalate or oxalic acid. Blo^T^ipe—on coal with soda,

insoluble and not absorbed by the coal. Flame—yellow red,
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improved by moistening with HCl. With borax or sodium
phosphate, clear and colorless; can be flamed opaque.

Cerium.—Fuse with sodium carbonate. Treat with dilute
hydrochloric acid, evaporate to dr>-ness and bake. Take up
with dilute hydrochloric acid, filter. Add ammonia to the
filtrate, filter. Dissolve the precipitate in hydrochloric acid,
add ammonia and oxalic acid, filter. Dissolve the precipitate
in concentrated hydrochloric acid, nearly neutralize with am-
monia; add 1 cc. of hydrogen peroxide and then ammonia,
drop by drop, until just alkaline. When just neutral, white
thorium peroxide is precipitated; when ammoniacal, the orange
cerium peroxide is precipitated.

Chromium.—Chromium oxide is detected in its insoluble
compounds by its characteristic green color. It forms an
emerald-green head with borax or microcosmic salt. Caustic
potash or soda gives a green precipitate in solutions of chromic
salts. This dissolves in an excess of alkali in the cold, but is

precipitated on boiling the solution. The detection of chromic
acid is rendered easj' by the bright-yellow color of its salts.

The yellow color of the normal chromates becomes red on the
addition of an acid, and again yellow when made alkaline.

Blowpipe—with borax or sodium phosphate, oxidizing flame,
reddish when hot, fine yellow when cold. Reducing flame, in

borax, green hot and cold. In sodium phosphate, red when hot,
green when cold. With soda—oxidizing flame, dark j'ellow when
hot, opaque and light yellow cold. Reducing flame, opaque
and yellowish green cold. Manganese interferes, giving a
bright yellowish green with soda bead in the oxidizing flame.

CobaJt.—Ammonium sulphide produces a black precipitate
(CoS) insoluble in acetic acid and in dilute hydrochloric acid.

Ammonium sulphocyanate produces a beautiful blue color,

Co(CNS)2. With a borax bead cobalt gives the characteristic
cobalt-blue color. Blowpipe—on coal, reducing flame, the
oxide becomes magnetic metal. The solution in HCl will be
rose-red, but on evaporation will be blue. With borax or
sodium phosphate, pure blue in either flame.

Columbium.—Fuse with potassium bisulphate. Pulverize
the fusion and treat it with hot water; then treat it with dilute

hydrochloric acid. Digest the residue with ammonium
sulphide to remove W, Sn, etc. Wash and treat again with
dilute hydrochloric acid. The residue should be colorless

and contain only silica and the oxides of columbium and
tantalum. This residue in a bead of microcosmic salt is

colorless if no columbium is present or if heated in the oxidizing
flame; but if heated in the reducing flame, columbium imparts
a violet color to the bead, or blue if saturated with oxide. Add-
ing ferrous sulphate turns the bead blood red.

If, when the mixed oxides are boiled in dilute sulphuric acid

with metallic zinc, the white precipitate turns intensely blue
and remains so on dilution, columbium is present; if it turns
bluish gray and colorless on dilution, tantalum is predominant.

Copper.—Copper can easily be detected by the reduction
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to the red metallic bead on charcoal before the blowpipe.
Copper compounds moistened with HCl color the non-luminous
flame green. An excess of ammonia added to a nitric acid
solution of copper produces an azure-blue color. With borax
or sodium phosphate, oxidizing flame, green when hot, blue or
green blue cold. (By repeated oxidation and reduction, the
borax bead becomes ruby red.) Reducing flame, green or
colorless hot, opaque and brownish red cold.

Erbium.—Erbium oxide heated on a platinum wire colors

the flame distinctly green.
Gallium.—If a neutral solution of gallium chloride be warmed

with zinc, gallium oxide or basic salt separates but not the
metal.
Germanium.—Fuse with sulphur and sodium carbonate.

Treat with hot water, filter, add a few drops of hydrochloric
acid to the filtrate to precipitate white germanium sulphide.

Filter and heat the residue in a current of hydrogen to reduce
it to gray-black crystalline germanous sulphide. Dissolve
the crystals in hydrochloric acid and pass hydrogen sulphide
into the solution to precipitate reddish-brown germanous
sulphide.

Glucinum.—Ammonium carbonate produces a white pre-
cipitate, GICO3, soluble in an excess of the reagent; by boiling

the solution it is precipitated as a basic carbonate.
Gold.—Gold may be reduced from its ores on charcoal to a

yellow malleable bead which is soluble in aqiia regia; if the
solution be dropped on filter paper and one drop of stannous
chloride added, a purple-red color is produced.

Indium.—Heated on charcoal before the blowpipe it colors

the flame blue, and gives an incrustation of the oxide. It

slowly dissolves in hydrochloric and dilute sulphuric acids,

but readily in nitric acid.

Iridium.—Ammonium chloride produces in a tolerably con-
centrated solution of iridium a dark-red crystalline precipitate.

Iridium is distinguished from platinum by the formation of a
colorless solution of potassium chloriridiate when caustic potash
is added to the chloride of the metal, and on exposure to the
air this colorless solution first becomes red colored and after-

ward blue.

Hydrogen sulphide precipitates brown iridium sulphide,
which is soluble in ammonium sulphide.

Iron.—Ferrous salts with potassium ferricyanide produce a
dark-blue precipitate. Ferric salts with ammonia or the fixed

alkalies produce a brown precipitate. Ferric salts with potas-
sium or ammonium sulphocyanate produce a blood-red -colored

precipitate. Ferrous salts with a bead of microcosmic salt or
borax are colored dark green. This color readily changes to
yellow or reddish brown by oxidation. Blowpipe—on coal,

with reducing flame, many compounds become magnetic.
Soda assists this reaction. With borax, oxidizing flame,
yellow to red hot, colorless to yellow cold. With reducing
flame, bottle green. With tin on coal, violet-green. With

18
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sodium phosphate, oxidizing flame, yellow to red hot, greenish

when cooling, colorless to yellow cold. Reducing flame, red
botli hot and cold, greenish when cooling.

Lead.—Black precipitatate formed with hydrogen sulphide,

chrome yellow with chromates. In nitric acid .solution dilute sul-

phuric acid gives a wliite precipitate of lead sulphate. Blowpipe
—on coal, lead is reduced in either flame to malleable metal,

and yields near the assay a dark lemon-yellow coat, sulphur
yellow cold, and bluish white at border. The phosphate yields

no coat without the aid of a flux. With bismuth flux on plaster

chrome-yellow coat, blackened by (NH4)2S. On coal, volatile

yellow coat, darker hot. Flame, azure blue. With borax or

sodium phosphate, oxidizing flame, yellow hot, colorless cold.

Flames opaque yellow. In reducing flame, borax bead becomes
clear; S. Ph. bead, cloudy.

Lithium.—In the Bunsen flame a fine carmine-red color is

produced, visible if sodium is present by viewing the flame
through cobalt glass. If silicon is present, make into a paste

with lioracic-acid flux and water and fuse in the blue flame.

Ju.st after the flux fuses the red flame will appear.
Magnesium.—To a solution of magnesium add ammonium

chloride, ammonia and sodium phosphate; a white precipitate

(MgNH4P04) forms. The action is hastened by rubbing the

sides of the beaker with a glass rod. Blowpipe—on coal,

with soda, Mg is insoluble and not absorbed by the coal.

With borax or sodium phosphate, clear and colorless; can be

flamed opaque white. With cobalt solution, strongly heated,

becomes a pale flesh color. (With silicates this action is of

use only in absence of coloring oxides. The phosphate, arsenate

and borate become violet colored.)

Manganese.—.\mmonium sulphide produces a flesh-colored

precipitate. A solution containing traces of manganese boiled

in concentrated nitric acid with lead peroxide or sodium
bismuthate and allowed to settle gives a violet-red-colored

solution (HMn04). The borax bead with manganese in the

oxidizing flames gives an amethyst-colored bead (with much,
black or opaque) and this in the reducing flame becomes
colorless or with black spots. With soda, oxidizing flame,

bluish green and opaque when cold. Nitrate assists the reac-

tion. If silicon is present, dissolve in borax, then make soda

fusion.

Mercury.—Stannous chloride heated with a solution of

mercury precipitates graj' metallic Hg. Mercury compounds
mixed with sodium carbonate and heated in a closed tube

produce a gray mirror of metallic Hg. With bismuth flux, on
plaster, Hg gives a volatile yellow and scarlet coat. If too

strongly heated the coat is black and yellow. On coal Hg gives

a coat faint yellow at a distance. In matrass gives mirror-like

sublimate, which may be collected in globules. (Gold leaf is

whitened by the least trace of mercury vapor.)

Molybdenum.—To a strong nitric acid solution of molybde-
num add nearly enough ammonia to neutralize the acid and
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then add a few drops of sodium phosphate sokition, A bright-

yellow, crystalline precipitate forms when the solution is

warmed. A hydrochloric or sulphuric acid solution of molybde-
num, to which zinc or stannous chloride is added, turns first

blue, then green, and finally brown. On coal, with oxidizing

flame Mo gives a coat, yellowish when hot, white when cold,

crystalline near assay; in reducing flame the coat is turned in

part deep blue, in part copper red. Its Bunsen-burner flame
is yellowish green. With borax, oxidizing flame, yellow when
hot, colorless when cold. Reducing flame, emerald green.
Neodymium.—The didymium salts are violet and are identi-

fied by a characteristic absorption spectrum.
Nickel.—Potassium cyanide produces a bright-green pre-

cipitate, Ni(CN)2. When nickel compounds are heated with
reducing agents before the blowpipe, an infusible magnetic
powder is produced. If this powder is dissolved in a drop or two
of dilute nitric acid and evaporated to complete dryness, a
characteristic green stain is obtained which becomes yellow on
further heating. Nickel compounds color the borax bead
brownish yellow in the oxidizing flame, the bead becoming
gray and opaque in the reducing flame, owing to the separation
of metallic nickel. Nickel is precipitated in alkaline solution

by ammonium sulphide, which dissolves in an excess of ammo-
nium sulphide forming a dark-colored solution.

Osmium.—It is dissolved in fuming nitric acid, or by fusing
with sodium hydroxide and potassium nitrate and then treat-

ing with nitric acid and distilling. Osmic oxide (OSO4), which
sublimes at a moderately low temperature, passes over and
condenses as a colorless crystalline mass. The osmic oxide has
an odor similar to chlorine and is poisonous.

Palladium.—Dissolves in nitric acid or aqua regia. Potas-
sium iodide added produces a black precipitate, palladous
iodide (Pdl2), soluble in an excess of the reagent but not
soluble in water, alcohol, or ether. Mercuric cyanide,Hg(CN)2,
produces a yellowish-white gelatinous precipitate, Pd(CN)2,
which, on ignition, leaves the spongy metal. See also special

articles on palladium determination on p. 264.
Platinum.—When heated with sodium carbonate on charcoal,

gray spongy metal is reduced. This, rubbed on a mortar with a
pestle, gives a metallic luster and is insoluble in any single acid.

See also special articles on platinum determination on p. 264.
Potassium.—A solution of H2PtCl6 added to concentrated

solutions of potassium gives a yellow precipitate KaPtCle. In
the Bunsen flame potassium gives a violet color, visible if

sodium also is present if viewed through cobalt glass.

Praseodymium.—See Neodymium.
Radium.—To the Bunsen flame a radium salt imparts an

intense carmine-red color. Radium rays discharge a charged
electroscope and may be used for making photographs on
ordinary X-ray plates.
Rhodium.—Before the blowpipe on charcoal with sodium

carbonate the salts of rhodium are reduced to the metal, which
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is insoluble in aqua regia, but may be dissolved by fusing it

with potassium pyrosulphate and then treating the fusion with
water. By adding to this solution potassium hydroxide and a
little alcohol the brown rhodium hydroxide is formed.

Rubidium.—A solution of HjPtCle produces a white cr3-stal-

line precipitate, RboPtCe, which is less soluble than the corre-
sponding potassium salt and more soluble than the caesium
salt. The flame test gives a color similar to the caesium test.

Ruthenium.—Ruthenium is practically insoluble in all acids
and in aqua regia. Fuse it with potassium hydroxide and
potassium nitrate. The resulting K2Ru04 heated with NaCl
in a current of chlorine yields soluble KjRuCU. The greenish-
black fusion treated with water yields an orange-yellow solution,

which stains the skin black.
Scandium.—^A hydrochloric acid solution of scandium treated

with sohd sodium silicofluoride and boiled 30 min. gives a
precipitate containing scandium free from the rare earth metals.
^ Silver.—When fused with sodium carbonate on charcoal
before the blowpipe, a bright metallic silver bead is produced,
which may be dissolved in nitric acid and precipitated from
the solution by hydrochloric acid as' a curdy precipitate of
silver chloride, or, if only a trace of silver is present, as a mere
opalescence.

Sodium.—To a neutral or weakly alkaline solution add
potassium pyroantimonate, KjHsSbjOa, and a heavy white
crystalline precipitate, Na2H2Sb203, is quickly formed by
rubbing the sides of the beaker with a glass rod. Solutions of

sodium on a platinum wire in a Bunsen flame give a yellow
color.

Strontium.—Solutions on a platinum wire color the Bunsen
flame carmine red, improved by moistening with HCl. Stron-
tium sulphate is less soluble than calcium sulphate, but more
soluble than barium sulphate. If barium is present the flame
turns brownish j'ellow. The lithium flame is unaffected by
addition of barium chloride.

Sulphur.—Fuse on coal with soda and a little borax in the
reducing flame and place melt on a bright silver coin. Moisten,
crush, and let stand. In presence of sulphur the coin will

turn brown or black.

Thallium.—Dissolve in dilute acid, add H2S, filter. Add to

the filtrate ammonium sulphide and filter. If thallium is

present in the precipitate it will color the Bunsen flame emerald
green.

Thorium.—Fuse in a platinum crucible with sodium carbon-
ate. Cool, dissolve in water and hydrochloric acid. Evapo-
rate to dryness and bake. Take up with dilute hydrochloric
acid, filter. Add ammonia to the filtrate, filter. Dissolve the
precipitate in hydrochloric acid; reprecipitate with oxalic acid,

filter, ignite the residue. Dissolve in hydrochloric acid.

Evaporate to dryness. Take up with water. Add an excess
of sodium thiosulphate and boil to precipitate.

Tin.—Mercuric chloride added to a solution of a stannous
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salt precipitates white mercurous chloride. A trace of stannous
chloride in solution added to a solution of gold chloride pre-
cipitates finely divided gold, brown by transmitted light and
bluish green by reflected light. Metallic zinc precipitates tin

from solution as a spongy mass, which adheres to the zinc.

Heat the ore on charcoal with sodium carbonate or potassium
cyanide; a metallic bead is produced which is coated with white
oxide when the flame is removed. Cassiterite in lumps in a
test-tube with metallic zinc and dilute sulphuric acid is soon
coated with metallic tin.

Titanium.—Titanium sulphate with hydrogen peroxide in a
slightly acid solution produces an orange-red color, or a clear

yellow with small amounts of titanium. Vanadic acid with
h\'drogen peroxide produces a similar effect. Tin or zinc in

hydrochloric acid solutions of titanium produces a violet color

due to TioClz.

Tungsten.—Treat with hydrochloric and nitric acids (4:1)
and take to dryness, wash by decantation, add dilute hydro-
chloric acid and metallic zinc, aluminum, or tin and shake; a
fine blue coloration or precipitate is produced, W2O5; the color

disappears when diluted with water. Fuse in platinum with
potassium bisulphate, digest with a solution of ammonium
carbonate, filter, add to the filtrate a few drops of SnCl2 solu-

tion, acidify with hydrochloric acid,warm gently ; a fine blue color

is produced. The microcosmic salt bead made in the reducing
flame is clear blue; if iron is also present, the bead will be red
brown. In the oxidizing flame the bead is colorless.

Uranium.—Potassium ferrocyanide produces a brown pre-
cipitate, in dilute solution a brownish-red coloration. The
borax (or microcosmic salt) bead is yellow in the oxidizing
flame and green in the reducing flame.

Vanadium.—Vanadium compounds can be dissolved by a

treatment with acids or alkalies. The hydrochloric acid

solution assumes a bright blue color on addition of zinc. A
solution of hydrovanadic sulphate cannot be distinguished in

color from one of copper sulphate when sufficiently diluted with
water, but, of course, does not become colorless in the presence
of metallic iron. Solutions of certain vanadates also closely

resemble solutions of the chromates. For instance, a solution

of the tetravanadate of potassium, K2V4OU, does not differ in

appearance from one of potassium dichromate. They may,
however, be distinguished from one another, since the vanadate
solution becomes blue and the chromate assumes a green
color on deoxidation. When a solution of vanadic acid or an
acid solution of an alkali vanadate is shaken up with ether
containing hydrogen peroxide, the aqlieous solution assumes a
red color like that of ferric acetate. This reaction serves to

detect one part of vanadic acid in 4000 parts of the liquid.

Chromic acid does not interfere with the reaction.
Yttrium.—Extract the yttrium in the manner described

under Cerium and separate it from the other rare earths in a
solution of their sulphates by adding a saturated solution of
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potassium sulphate. Yttrium sulphate is soluble; the others
are not.

Zinc.—Ammonium sulphide precipitates ZnS. Potassium
ferroryanido produces a white i)recipitate, Zn2Fo(CN6). Before
tlic hl()\vi)ipc' on cliarroal with sodium carbonate, a coating of
oxide is produced whicli is yellow while hot and white when
cold. With cobalt nitrate on charcoal an infusible green mass
is produced.

Zirconium.—Treat with dilute sulphuric acid (2 : 1), filter,

add ammonia to the cold filtrate, filter; wash, dissolve the pre-
cipitate in hydrochloric acid, evaporate to dryness. Take
up with a little water and add to the cold saturated solution
hydrochloric acid, drop by drop; if zirconium is present, the
oxychloride will be precipitated. Heat to dis.solve the pre-
cipitate. Cool and after some time fine silky needles of

ZrOCU + 8H2O will precipitate.

DETERMINATION OF PLATINUM, PALLADIUM AND
GOLDi

Scorif}' the lead buttons from two or more ^-a.t. crucible
fusions together, adding at least six times as nmch silver as the
combined weight of the Ft, Pd and Au present, and cupel hot.

In rich materials such as slimes or concentrates, two J^-a.t.

fusions suffice, but low-grade ores maj'^ require 10 or more ^-a.t.
fusions combined for each determination.

Part the silver beads with HNO3 (1:6), followed by stronger
parting acid (1:1) and wash with water as usual. All Pd
goes into solution, together with considerable Pt. The residue
consists of Au plus some Pt. Dissolve residue in strong aqua
regia and resers^e the solution (solution A). Precipitate the
silver in the nitric-acid .solution—containing Ag, Pd and some
Pt—with HCl. Practically all the Pt will remain in solution;
but the precipitated AgCl is pink in color and contains con-
siderable Pd. Filter off the AgCl, scorify and cupel it and part
again with HNOj (1:0); all should dissolve. Reprecipitate
the Ag with HCl. The liquid now contains most of the re-

maining Pd, but some is co-precipitated with AgCl. Filter off

the AgCl and add the filtrate to the first filtrate from AgCl.
Again scorify and cupel the silver chloride, dissolving the silver

in nitric acid as before and reprecipitating the silver as chloride.

In most cases the filtrate from this silver chloride contains all

the remaining Pd. If, however, the AgCl is distinctly pink,
another separation must be made.

Unite all filtrates from AgCl precipitations and evaporate to

small bulk, adding the aqua-regia solution of the Au and Pt
(solution A). The liquid now contains all the Au, Pt and Pd
present in the original ore, together with traces of Ag due to

solubility in AgCl in excess of HCl, and also traces of Pb
gathered from the lead retained in the silver buttons from the
several recupellations.

' From an article by A. M. Smoot, Enu. and Min. Journ., Apr. 17, 19)5.



CHEMICAL DATA 279

Evaporate the liquid to dryness on the steam bath; take up
with dilute HCl (1:3) and evaporate again to dryness; take
up with five drops of HCl and 40 cc. H2O. Pay no attention to
any insoluble residue of AgCl or PbCL.^ Precipitate gold by
adding, say, 3 grams of oxalic acid to the solution and boiling

it. Let stand over night and filter off the Au. If Pt and Pd
are high, it is necessary to redissolve the Au in aqua regia,

evaporating with HCl to dryness and repeating the oxalic-acid

precipitation, uniting the filtrate with that from the first gold
precipitation. Burn the filter containing the gold and scorify

it with six times its weight of silver and a little test lead; cupel,

part and weigh the gold as usual.

To the oxalic-acid filtrates from Au add 5 cc. of HCl and make
volume up to 150 cc; heat to boiling and precipitate Pt and Pd
with a rapid current of H2S in hot solution, passing the current

of gas for some time and keeping the solution hot during pre-
cipitation. Filter and wash the Pt and Pd sulphides w-ith

HaS water containing a little HCl. Wash the precipitate from
the filter with a fine water jet into an original beaker; spread
the filter paper (which will contain a small amount of precipitate

impossible to wash off) with the precipitate side down over the
lower side of a watch-glass cover. Add aqita regia to the
precipitate in the beaker and place the cover on the beaker;
warm gently to dissolve the Pt and Pd sulphides. The fumes
arising from the acid dissolve the traces of Pt and Pd adhering
to the filter paper. When solution is complete and the filter

paper is white, remove the watch-glass cover and wash the
paper with hot dilute HCl thrown against it in a fine stream.

Evaporate the aqua-regia solution to dryness, take up the
residue with HCl and evaporate again to dryness to remove all

HNO3. Take up the residue with two or three drops of HCl and
about 2 cc. of H2O. The solution is usually perfectly clear,

but it may be slightly cloudy owing to the presence of a little

AgCl in it. No attention need be paid to this, however. Add
5 to 10 cc. of a saturated solution of NH4CI, stir well and allow
to stand over night. Platinum is precipitated as ammonium-
platinum chloride— (NH4)2PtCl6. Filter and wash the pre-
cipitate with 20 per cent. NH4CI solution. All Pd passes into
the filtrate w^hich is reserved (solution B). Dissolve the Pt
precipitate in boiling hot 5 per cent. H2SO4; heat the liquid to
actual boiling and precipitate with H2S as before, filtering and
washing with HjS water. Burn the filter and precipitate at a
low temperature in a scorifier; add six times as much Ag as Pt,
scorifying with lead, cupel and part the silver bead containing
the platinum with HiS04; decant off the silver solution and

1 In materials rich in palladium the small amount of AgCl + PbCh may
be distinctly pink in color and retain weighable quantities of Pd. If this is

the case, the Pd may be recovered in the solution from the nitric acid parting
of the gold. To do this, precipitate the silver in this liquid by adding HCl,
filter off the silver chloride and evaporate the filtrate to dryness. Take up
with a drop of HCl and a little water, let stand over night and filter through a
very small filter. This liquid may be added to solution B before precipitat-
ing palladium with glyoxime.
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wash once with strong HjSO*, followed by 50 per cent. HsS04
until practically all silver is washed away; finally wash with
water, anneal and weigh. A minute quantity of Ag is retained
with the platinum, but it can usually be neglected. In very
important work where the amount of platinum i.s large dissolve
in aqua regia, evaporate the solution to dryness, take up with
a drop of HCl, dilute largely with water and let the AgCl
settle over night; filter on a small paper, cupel it with a little

sheet lead and deduct the weight from the weight of platinum.
This refinement need not be considered in materials running
less than 15 or 20 oz. to the ton.

It may seem an unnecessary step to precipitate the platinum
as sulphide, scorify it with silver and part it as described in the
foregoing. General practice has been to ignite the ammonium-
platinum-chloride precipitate and weigh the metallic residue.
When this is done, however, there is danger of losing con-
siderable platinum, which is carried awaj' mechanically during
the decomposition of the compound; furthermore, it is extremely
difficult (if not impossible) to collect the finely divided residue
for weighing, and the precipitate invariably contains lead and
silver. Precipitation as sulphide, scorification and cupellation
with excess silver and parting with sulphuric acid overcome
the difficulties inherent in handhng the ammonium precipitate.
The palladium is all contained in the filtrate and washings

from the platinum-ammonium-cliloride precipitates (solution
B). Add to this solution at least seven times as much di-

methylgh'oxime as there is Pd present (in any case, at least
0.1 gram glyoxime). The precipitant should be dissolved in

a mixture of two-thirds strong HCl and one-third water.
Dilute the liquid to 250-300 cc, heat on a steam bath for half

an hour and let stand over night. Pd is precipitated as a
voluminous, vellow, easilj^ filtered glyoxime compound
(C8Hi4N404)3Pd, containing, when dried " at 110°C., 31.686
p>er cent, of Pd. Filter the Pd precipitate on a weighed Gooch
crucible and wash it first with dilute HCl, half and half, then
with warm water and finally with alcohol; dry it at 110° to

115°C. and weigh. The disadvantage of weighing palladium
on a Gooch crucible is overcome—at least to some extent—by
the fact that the Pd compound contains a relatively small
amount of Pd—less than one-third of its weight. This com-
pound may also be weighed on carefully counterpoised papers;
but it is better to use Gooch crucibles, if they are available,

because of the relatively strong acid which is required for

washing. The object in using half-and-half hydrochloric
acid as a wash liquid is to dissolve out any excess of the glyoxime
precipitant. This is easily soluble in moderately strong
HCl, but is substantially insoluble in water. .
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DETERMINATION OF SILVER IN ORES AND CON-
CENTRATES CONTAINING PLATINUM AND

PALLADIUM

Make the usual crucible fusion on one-quarter, one-half

or full assay ton, according to the amount of silver present.
Instead of cupeling the lead button, hammer it free from slag

and dissolve it in dilute nitric acid. Most of the silver passes
into solution together with palladium, and perhaps a trace of

platinum; but gold and most of the platinum remain insoluble.

The gold and platinum retain an appreciable proportion of

silver which cannot be washed out. Filter out the insoluble

residue and wash it thoroughly with hot dilute nitric acid,

followed by hot water. Scorify the residue once more with a
little lead and dissolve the lead button as before, filtering into

the beaker containing the first filtrate. In this liquid pre-
cipitate the silver as AgCl by adding standing NaCl in sufRcient
quantity; stir well, and if the amount of silver is small, add
about }/2 cc. of strong H2SO4 to form a precipitate of lead
sulphate. Let the silver chloride, or the silver chloride plus
lead sulphate, settle over night or until the supernatant liquid

is clear; filter through double filter papers; ignite and scorify

the residue of silver chloride with test lead.

If the amount of palladium contained in the sample is small,

the silver bead obtained by cupeling the lead button obtained
by scorifjang the silver chloride may be considered as sufficiently

pure for ordinary purposes. It contains, of course, some
palladium, and in accurate silver determinations the lead button
from the first silver-chloride precipitation should be redissolved
and the silver reprecipitated, filtered and scorified as before.

The amount of palladium retained after the second precipitation

and scorification is so small as to be negligible.

SCHEME FOR QUALITATIVE ANALYSIS OF HEAVY
METALS AND ALKALINE EARTHS

(The material is either in solution or is capable of being
readily dissolved.)

(A) Slightly acidulate solution with HCl. It is best to take
only a small portion of the solution, and if a precipitate forms,
see whether it redissolves in more acid. If it does, it indicates
Sb or Bi. Permanent precipitate shows Ag, Pb, or Hg (ous).

Filter precipitate {B) and reserve solution (C).

{B) Wash with hot water, and add K2Cr207 solution to fil-

trate. Heavv vellow precipitate shows lead. Wash residue

(5) with NH46H, and acidulate filtrate with HNO3. Pre-
cipitate shows Ag. Blackening of filter paper shows Hg (ous).

(C) Pass in H2S until precipitate coagulates. Precipitate may
be As (vellow), Sb (orange), Sn" (brown), Sn"" (vellow),

Hg' or Hg" (black), Bi (brown), Cd (yellow), Pb "(black),

Cu (black). Filter, giving precipitate (D) and solution {E).

iP) Warm with ammonium polysulphide and filter. Fil-
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trate (G) may contain As, Sb, Sn, and traces of Cu. (Also
Au, Ir, Se, W, Pt, Te, V, of the rare elements.) Precipitate
(E) contains Hg, Bi, Cd, Pb, Cu.

(G) Throw down precipitate from (NH4)2S2 solution with
HCl. Leach precipitate with ammonium carbonate. Arsenic
dissolves. P'iltor. Add HCl to filtrate to faint acidity. Pass
in HoS. Yellow precipitate shows arsenic. (May be confirmed
by M.\R.SH test.) Dissolve remaider of precipitate E in strong
IlCl. Dilute and add metallic zinc in contact with a small
piece of platinum. Precipitate of metallic tin and antimony
form.s. Treat with HCl and filter. To filtrate add HgClj
solution. White to gray precipitate of Hg^CU shows tin.

Treat residue from extraction with aqua regia, boil off excess
CI and HNO3, and pass in H2S. An orange precipitate of

SbjSs confirms the presence of antimony, already indicated by
a blackening of the platinum.

(F) Heat residue from ammonium polysulphide leaching
with dilute (10 per cent.) HNO3 and filter. Heat residue with
concentrated HNO3. dilute and filter, combining the two filtrates.

The precipitate (H) remaining consists of HgS and S. The
filtrate (/) contains Cd, Bi, Cu, Pb.i (If the original treat-

ment is made with concentrated HNO3 all of the PbS maybe
oxidized to Pb.S04 and remain with the mercury. PbS is

soluble in 10 per cent. HNO3 according to the equation PbS
+ 2HNO3 = Pb(X03)2 + US).

(//) Di.ssolve precipitate in aqtm regia. Boil off excess of

CI and HNO3 and add SnCh. A white to gray precipitate
confirms presence of mercury, probably already indicated by
the black residue from the HNOs leaching.

(/) Add a few drops of H2SO1 to solution. White pre-
cipitate indicates lead. Filter, getting precipitate (J) and
solution (K).

(J) Treat precipitate on filter with hot ammonium acetate
and filter, adding KjCraO, to filtrate. Chrome-yellow pre-

cipitate confirms presence of lead.

(K) Evaporate to small bulk, add about eight times bulk of

alcohol, warm, and filter (to ensure removal of all lead). Evapo-
rate off alcohol on sand bath and make strongly ammoniacal.
White precipitate indicates Bi. Blue solution indicates Cu.
The blue may be so intense as to mask the Bi(0H)3 precipitate.

Filter and wash, and treat filter paper with strong HCl, catch-
ing strong HCl solution in a beaker. Dilute largelj\ White
precipitate shows Bi. Take blue copper solution and add
KCN solution until blue color just disappears and pass in H2S.
Bright-vellow precipitate indicates Cd.

(E) Boil off all H2S from the filtrate from the H2S pre-

cipitation, making sure finally that it is all gone by adding a
few drops of HXO3 and boiling. If organic acids, tartaric,

citric, or the like are present, it is best to destroy them by
evaporating almost to dryness and adding some concentrated

' Pd and Os belong in the HjS group of metals whose sulphides are in-

soluble in (NHt)jSi.
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II2SO4 and fuming HXO3. Test a little of the solution for

phosphoric acid bj' means of ammonium-molybdate solution
ia nitric acid. If a yellow precipitate shows phosphates,
evaporate to a thick soup, and add a little tin and nitric acid

and boil until action ceases. Dilute, filter, and repeat. The
phosphorus is removed as stannous phosphate, all but traces of

tlie tin remain undissolved as metastannic acid. If only traces

of the further groups of metals are being looked for, boil off

all the nitric acid with repeated additions of HCl, throw out the
last of the tin with HoS, filter, then boil off the H2S and remove
the last traces of it with HXO3, as above specified. If phos-
phorus is not present, all of this is unnecessary. Add a little

NH4CI and make the solution ammoniacal. Fe, Al and Cr
are precipitated^ (L). Boil off excess of ammonia, filter;

solution (M) contains Co, Mn, Ni and Zn and the alkaline

earths and alkalis.

(L) Leach precipitate wnth hot KOH solution. Make
teachings acid with HCl and add ammonia. White flocculent

precipitate indicates alumina. Dissolve half of original pre-
cipitate with HCl and add K4FeCy6. Precipitate of Prussian
blue confirms presence of iron, probably already indicated by
red color of precipitate. Take the other half of the precipitate

and fuse with sodium carbonate and sodium nitrate. A yellow
melt indicates sodium chromate. Dissolve melt in water,
acidify with acetic acid and add a drop of lead-acetate solution.

Precipitate of lead chromate confirms presence of chromium,
probably already indicated by a greenish hydroxide precipitate

or the yellow melt.
(M) Pass in H2S into solution. IMn, Zn, Co, Ni precipitate.

Filter. Filtrate (N) contains alkalies and alkaline earths.

Treat precipitate with cold dilute HCl. Mn and Zn dissolve.

Add KOH in excess. Filter, acidify filtrate with acetic acid
and pass in H2S. A white or nearly white flocculent precipitate

confirms the presence of Zn. Take the precipitate from the
KOH precipitation and fuse with Xa2C03 and XaXOs. A
green melt shows manganese. Take the residue insoluble in

HCl and touch a borax bead to it and heat. A bead, violet

when hot, blue when cold, shows cobalt. A gray bead (cold)

shows Xi only, but this is easily masked by cobalt blue. So if

the bead is blue, dissolve the residue in aqua regia, evaporate
to soup, dilute, and add KCX until the precipitate first formed
redissolves. Heat solution gently, add a little XaOH, then Br
{under a hood). A black precipitate shows nickel.

(.V) Boil until H2S odor becomes faint, add NH4OH and
(NH4)2C03 and warm shghtly. Ba, Sr, and Ca precipitate.

Filter and dissolve precipitate in HCl. Add H2S04topart of the
solution. Precipitate indicates Ba or Sr or both. To another
part of the solution add K2Cr04. An immediate precipitate
of a pale yellow color shows Ba. In the filtrate Sr can be

' The hydroxide precipitate will carry down As, Sb, Se, Te, Sn, P and Ti if

they are present, which reaction affords an easy way to concentrate these
elements from a large bulk of copper in exact copper analysis.
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determined by the reddish color given a Bunsen burner flame,
while Ca can be precipitated as calcium oxalate (white) in

ammoniacal solution. Calcium colors a Bunsen flame reddish
yellow, and Ba a vivid green.

(O) Add ammonium- or sodium-phosphate solution to the
filtrate from the Ba, Ca, Sr precipitation. Stir, cool, and al-

low to settle over night. Granular white precipitate shows Mg.

Qualitative Tests for Acids^

The acid-radicals cannot be advantageou.sly precipitated in

groups, and the members separated and identified as with the
metals. They are usually detected in the course of analysis

by special tests. They may, however, be arranged in groups of

such acid-radicals as resemble one another. A consideration
of the metals present, in case the material is in solution, will

often rule out many acids as possibilities at once.

The acids may be arranged as follows:

Group I.—Acids which are precipitated by AgNOa in presence
of nitric acid.

Hydrosulphuric acid HjS
Hydrochloric acid HCI
Hydrobromic acid HBr
Hydriodic acid HI

Group II.—Acids whose salts deflagrate on charcoal.

Nitric acid HNOa
Chloric acid HCIO,

Group III.—Acids which cannot be classified.

Boracic acid HaBOs
Carbonic acid HoCOs
Chromic acid H^CrOi
Hydrofluoric acid HF
Phosphoric acid H3PO4
Silicic acid H4Si04
Sulphuric acid H2SO4
Arsenic acid H3.\sO«
Hydrocyanic acid, acetates HCN

GROUP I

H2S.—AgNOa gives a black pp. of- Ag2S insoluble in dilute

acids.

Lead acetate—a black pp. of PbS insoluble in dilute acids.

Dilute HCI—many sulphides when heated with dilute HCI
evolves H2S, which blackens paper moistened with lead

acetate. If much H2S is present, there will be the characteristic

odor present, but do not smell the gas coming off unless 3'ou are

sure no cyanides are present. It is safer to have some one else

smell it, anyway.

'.lames Park," A Test-Book of Practical Assaying," with some original

additions.
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HCl.—AgXOs—a white pp. of AgCl at first white, turns violet

on exposure to hght. Readilj^ soluble in ammonia and KCN.
Insoluble in dilute nitric acid.

Lead acetate—a white pp. of PbCl2 soluble in hot water.
Strong H2SO4—when heated with dry chlorides causes evolu-

tion of HCl gas, chlorides of Hg and Sn excepted. Bromides,
iodides, fluorides, cyanides, carbonates, sulphides, sulphites,

thiosulphates and acetates also give off characteristic gasesi

during this test.

MnOa + H2SO4—when mixed with a chloride causes evolu-
tion of chlorine, which bleaches wet litmus paper or a green
leaf. Iodine and bromine are also evolved by this means. The
colors are characteristic.

HBr.—AgNOa—a yellowish-white pp. of AgBr; sparingly solu-

ble in ammonia but readily in KCN. Insoluble in dilute nitric

acid. Phosphates also give a yellow precipitate. Test for

phosphoric acid with ammonium molvbdate in HXO3 solution.

Lead acetate—a white pp. of PbBr2.
Strong H2SO4—with a dry bromide causes evolution of HBr

vapors.
Mn02 + H2SO4—causes evolution of Br, which turns starch

paper yellow.
Chlorine water or HCl -f two drops of NaClO, when added,

drop by drop, to a solution of a bromide liberates Br, which colors

solution orange red. Avoid excess of CI, as it destroys color.

When a portion is warmed, reddish-brown vapors are given off.

If three drops of CS2 are added, the Br will sink to the
bottom.

HI.—AgNOa—a yellowish-white pp. of Agl. Sparingly
soluble in ammonia; readily in KCN. Insoluble in dilute

nitric acid.

Lead acetate—bright yellow pp. of Pbl2.
Chlorine water—reacts for iodine, giving a brown solution

and violet vapors. To a portion add starch solution, an in-

tense blue is produced.

GROUP II

Nitric Acid (Nitrates)^

Dry Reactions.—1. If a nitrate is heated on charcoal it

deflagrates, the charcoal burning at the expense of the O of

the nitrate. Nitrites, chlorates, chromates, manganates and
permanganates also give this reaction.

2. If a mixture of a nitrate and KCN powder be heated on
platinum foil, deflagration takes place. This is a delicate test.

Wet Reactions.—1. Strong H0SO4 heated with nitrates causes
evolution of fumes of nitric acid. Nitrites give this reaction.

2. Mix sol. of a nitrate with strong sol. of FeS04. Hold
test-tube in a slanting position and pour strong H2SO4 down to

1 Nitrites also give most of these reactions.
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bottom. A purple or brown color will mark the plane of contact
of the fluids. Nitrites also give this and the following reaction.

3. Copper filings and HjSO, heated with a nitrate lil)erate

NO, which becomes pcroxidized to NO5 on contact with the air.

4. A sol. of indigo boiled with HCl and a .sol. of a nitrate
is decolorized. Not ciiaracteristic, as chlorine reacts the same.

5. A little brucine dissolved in H2SO4 when added to a sol.

of a nitrate gives a fine red color. This is a very delicate test.

6. Free nitric acid may be detected by evaporating to dryness
with quill-cuttings. These will be colored yellow.

It gives with FeS04 a brown ring; and with copper filings or
foil a reddish-brown gas, NO2, and a blue color.

The most delicate test for nitrates is to take 2 or 3 c.c. of the
solution in HCl, add 12 drops of a solution of diphenylamine in

pulphiiric acid, then run in H'>S04 ))elow the mixture. A faint

blue will be given by 1 part in 1,000,000 of HXO3.

Chloric Acid (Chlorates)

Dry Reactions.— 1. Chlorates when heated on charcoal de-
flagrate far more violently than nitrates. So do perchlorates.

2. Heated on charcoal with KCX, chlorates detonate vio-

lently. Use only small quantities in this experiment.
Wet Reactions. —I. A few drops of H2SO4 added to a small

quantity of a chlorate liberate chlorine peroxide (C102), which
colors the H2SO4 intensely yellow, and has a strong odor of CI
and a greenish color. This experiment should be tried in a
watch-glass rnthout heat, as an explosion might take place.

2. If a cold sol. of indigo is added to a cold sol. of a chlorate
till distinctly blue, and .some H2SO4 then poured in and shaken,
the blue color of the indigo is at once destroyed. Chlorites,

perchlorates. and hypochlorites also give this reaction.

3. If a chlorate is mixed with Xa2C03 and ignited, O2 is

given off and a chloride remains. On dissolving tlie residue,

acidifying with nitric acid, and adding silver nitrate, a white
pp. of AgCl is formed.

GROUP III

Boracic Acid

Dry Reactions.— 1. Boric acid tinges the Bunsen flame
green.

2. Pour some methylated spirits on finely powdered borax
in a porcelain dish; add a little H2SO4; mix and ignite; the
flame will show a green edge.

Wet Reactions.— 1. If a sol. of an alkaline borate is mixed
with HCl to slight but distinct acid reaction, and a strip of

turmeric paper is half rUpped into it and then dried at 212''F.

(lOO'C), the dipped half will show a peculiar red color—very
delicate. Sodium carbonate turns this to a dark blackish-green,

and HCl will restore the color.
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Carbonic Acid

Wei Readions.— 1. Almost any acid when poured on a car-

bonate in a test-tube causes effervescence due to rapid evolution
of CO2. When conducted into lime-water this gas causes a pp.
of CaCOs, which is sol. in large excess of the gas. Cyanides,
sulphites, tellurides, selenides, sulphides, and thiosulphates
also effervesce. Be careful about inhaling these gases.

Chromic Acid

Dry Reactions.— 1. Compounds of chromic acid give an
emerald-colored bead with borax on platinum loop in both
outer and inner blowpipe flames.

Wet Reactions.—1. HjS added to an acidified sol. of a chro-
mate produces a green coloration due to reduction of the chromic
acid [CrOs]. A white precipitate of sulphur is formed at the
same time.

(Readily oxidizable substances deoxidize K2Cr207 with pro-
duction of a chromic salt; the color of the solution at the same
time changes from orange red to bright green.)

2. H2O2 or Ba02 if added to a cold acidified sol. of a chromate
produces an intense blue coloration, which becomes fixed if

ether is first added and the liquid well shaken after adding the
peroxide. The ether assumes and retains the blue color.

A few drops of HNO3 are useful. This is an extremely delicate
and characteristic test.

3. BaCl2 gives a light yellow pp. of BaCr04, sol. in HCl
and HNO3.

4. AgNOa gives a dark purple-red pp. of Ag2Cr04, sol. in

KNO3 and NH4OH.
5. Pb(C2H302)2 gives a yellow pp. of PbCr04, sol. in KOH,

but insol. in C2H4O2. This precipitate, "chrome yellow," is

very characteristic.

6. If insoluble chromates are fused with Na2C03 and KNO3,
alkaline chromates will be formed, which are soluble in water.

Hydrofluoric Acid

The ordinary tests for a fluoride depend on the liberation
of HF, which is allowed to etch glass.

1. If strong H2SO4 is warmed with a little finely powdered
CaF2 in a test-tube, HF is liberated.

2. Cover the convex side of a watch-glass with melted paraffin
or wax. Trace lines near the middle of the glass with the point
of a penknife so as to remove the wax from these parts, but not
to scratch the glass. Place the prepared glass on the top of a
platinum crucible containing a little finely powdered CaF2
and some strong H2SO4. Pour a few drops of water into the
watch-glass to keep it cool, and gently heat the bottom of the
crucible. Allow to stand for 20 minutes. Melt off wax, and on
the clean surface the etched lines will be visible. If small
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traces of a fluoride were present, the tracing will become visible

by breathing on the cold surface of the glass.

This reaction fails when there is too nuicli SiOs present, as
the H-iSOj tiien liberates SiF4 instead of IIF.

SiF4 does not etch glass, but produces wliite fumes in moist
air; when these fumes are conducted into water a colorless

flocculent pp. of gelatinous silica is separated.

H^SiOi = SiOa + 2H2O

3. CaClj when added to the solution of a fluoride gives an
almost transparent gelatinous pp. of CaP'j, which becomes more
visible when the liquid is heated or when ammonia is added.

Phosphoric Acid

Wet Reaclions.— 1. MgSO* solution (to which ammonium
chloride has been added and then a little ammonia) gives with
the solution of a phosphate a white crystalline pp. of magnesium
ammonium phosphate (MgNH4P0i + CH2O) which rapidly

settles. This pp. is insol. in NH4OH, but is readily sol. in

acids, even C2H4O2. If very little phosphate is present, the

pp. often appears only after the solution has been warmed and
allowed to stand.

2. Silver nitrate throws down from neutral solutions a light

yellow pp. of Ag3P04, readily soluble in nitric acid and ammonia.
3. The solution of ammonium molybdate in nitric acid gives

in the coUl a finely divided yellow pp. which settles rapidly.

With small quantities of a phosphate, a few hours must be
allowed for the reaction, and the liquid may be warmed gently,

but not above 40°C. (104°F.). Not more than an equal
volume of the fluid to be tested should be added to the molyb-
date. Large quantities of HCl interfere with the precipitation.

The pp. after subsiding maj' be separated by filtering,

washed with ammonium molybdate solution, then dissolved in

ammonia, and, by adding NH4CI and MgS04 as in (1), the pp.
of MgXH4P04 + 6H2O may be obtained.
The solution to be tested must not be alkaline to test paper,

but should be made distinctly acid with HNO3. It should
then be added in small qunnlities only to some NH4HM0O4
sol. in a test-tube, more being added if no yellow pp. forms after

a few minutes, when the liquid may be gently warmed.

Arsenates

The pps. found in (1) and (3) with a phosphate are precisely

the same as those formed when an arsenate is present. AgNOs
gives with an arsenate a brown pp.; with a phosphate a yellow

pp.; and ammonium molybdate solution gives a pp. with an
arsenate only after boiling instead of gently heating as with a

phosphate. It is also possible to remove the arsenic with H2S
in HCl solution before making confirmatory tests for phosphates.
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Silicic Acid

Dry Reaction.—1. If a fragment of silica or a silicate is

licated in a bead of microcosmic salt, it remains undissolved
;uid floats about in the bead as a more or less transparent mass,
wliich retains its original shape. In the case of a silicate the
liases dissolve out.

Wet Reactions.—2. NH4CI produces in not too dilute solutions

of alkaline silicates a pp. of hydrated Si02.

3. The solutions of alkaline silicates are decomposed by all

acids, the Si02 separating as the gelatinous hydrate. The acid

should be added drop by drop and the solution stirred.

Sulphate Group

Remarks.—Sulphates are the only commonly occurring salts

which give with BaCh a pp. insoluble in boiling HCl. (Sele-

nates also give a pp. of BaSe04 with BaClj, but it dissolves on
boiling with strong HCl for some time.)

Tests for Sulphates (SO3, and a Base)

Wet Reactions.— 1. All solutions of the sulphates give with
BaCU a white pp. of BaS04 which is insoluble in all acids.

2. If a sulphate or any solid substance containing sulphur
is mixed with pure solid Na2C03 and fused on charcoal in the
inner reducing blowpipe flame, it will yield Na2S.

Detach the cold fused mass with the point of a knife, place
a portion on a bright silver coin, and moisten with H2O. Allow
to remain a short time, and then rinse off; a black stain of

Ag2S will be seen upon the coin, if sulphur is present.
3. Lead acetate produces a heavy white pp. of PbS04, which

dissolves readily in hot strong HCl, or alkaline acetates.

4. Sulphuric acid gives, with sugar, a black mass.
5. To detect free sulphuric acid, mix the fluid with a very

little cane-sugar and evaporate to dryness at 212°F. (100°C.).

If any is present, a black residue will remain; or with small
traces a blackish-green residue. No other free acid decomposes
cane-sugar in this way.

Cyanides and Acetates

Cyanides.—These give a blue color with a mixture of ferrous
and ferric salts.

Some additional tests for other acids are

:

A concentrated solution in hydrochloric acid will, when
H2S is passed in, give a precipitate of sulphur if it contains
nitrates, nitrites, chlorates, sulphites, thiosulphates, arsenates,
chromates, manganates or permanganates.

Acetates evolve a characteristic odor when present in large

quantity in strong sulphuric-acid solution. They give a
blood-red solution with ferric salts. If the solution be neutral
the iron is precipitated on boiling.
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SOME PROPERTIES OF RADIOACTIVE SUBSTANCES

Tho table below is based on tables in Le Radium, Jan., 1909,
.Ian., 1910 and .Jan., 1911, and in Zeit. fur Angew. Chemie. July
0, 1915. See also pages 239-253.

Substance Properties

U Sol. in exce.ss of am. carb. Nitrate soluble in ether
and acetone. Atomic weight, 238.2. Half-de-
cay period, 5 X 10" years. Gives off oc particles.

UX Carried down by BaS04. Soluble in HCl. Less
A'olatile than U. Volatile in electric arc. In-
soluble in excess of am. carb. Soluble in water
and ether. Half-decay period, 24.6 days.

UY Carried down by barium sulphate, with moist
ferric hydrate, and by animal charcoal. Half-
decay period, 1.5 days,

lo Soluble in excess of am. oxalate. Carried down by
H2O2 in presence of U salts. Half-decay period,
over 2 X 10^ years (?). Gives off oc particles.

Ha Characteristic spectrum. Spontaneously lumi-
nous. Analogous to Ba. RaClo and RaBro are
less soluble than BaClo and BaBr:. Atomic
weight, 226.4. Half-decay period, 2000 years.

RaEm One of group of inert gases. Characteristic spec-
(Xiton) trum. Mol. wt. =218. Half-decay period,

3.85 days, oc particles.
RaA ^ Behaves as a solid. Deposited on cathode in an

. electric field. Volatile at 800-900°C. Soluble
in strong acids. Half-decav period, 3 min.

RaB Like RaA. Volatile at 400-600°C. Precipitated
by BaSO^. Half-decav period, 26.8 min.

RaC Physically like RaA. Volatile at 800-1300°C.
Chemically like RaB. Deposited on Cu and Ni.

Perhaps mixture of two products. 19.5 min.
RaD Volatile below 1000°C. Soluble in strong acids.

Reactions of RaD and RaEi analogous to those
of Pb. Sometimes known as radiolead.

RaE, Volatile at red heat. Soluble in cold acetic acid.

RaE2 Not volatile at red heat. Reactions similar to Bi.

RaF Volatile toward 1000°C. Deposited from its solu-

(Polonium.) tions on Bi, Cu, Sb, Ag, Pt. Carried down by
PbCOa, and by SnCl, witii Hg and Te. RaD,
El, E2, and F can be .separated by electrolysis.

136 days, breaks down to lead, oc particles.

Ac Produces helium. Precipitated by oxalic acid in

acid solutions. Oxalate insoluble in HF; accom-
panies thorium and rare earths. Unknown
period, oc particles. Same as emanium.

Rad. Ac Shghtly volatile at high temps. Insoluble in

NH4OH. Separated from Ac by electrolysis, by
fractional precipitation, by ammonia, and by
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animal charcoal. Half-decay period, 19.5 days,
oc . Discovered by Hahn.

AcX Deposited by electrolysis in alkaline solution.

Not precipitated by XH4OH. 10.5 days.

AcEm Behaves as inert gas. Coef . of diffusion in air 0.11.

Condenses at -120=C. Half-decav, 3.9 sec.

AcA Volatile below 400°C. Soluble in NH4OH and
strong acids. Half-decav, 36 min. Ravless.

AcB Volatile below 700°C. Soluble in XH46H and
strong acids. Deposited by electrolysis of active
deposits on cathode in HCl. Half-decay, 2 min.

Th Volatile in electric arc. Colorless salts not spon-
taneously phosphorescent. Salts ppd. by XH4-
OH and oxalic acid. Atomic weight, 232.4.

Half-decay period 2.4 X 10^ years, oc particles.

Had. Th Carried down by hydrates, precipitated by XH4-
OH. Separated by Hahn and much more active
than thorium, and it may be a small contamina-
tion of this element gives out the rays in the
thorium transformation and that the thorium
transformation is in reahty raj'less. a rays.

ThX Soluble in XH4OH. Carried down by iron. De-
posited by electrolysis in alkalis. 4 days.

ThEm Inert gas. Condenses just above — 120°C. Half-
decay period, 54.5 sec. oc particles.

ThA Volatile under 630°C. Soluble in strong acids.

11 hrs.

ThB Volatile below 730°C. Like ThA. Deposited on
Ni. Separated from ThA by electrolysis. 55
min. oc

, /3, 7 particles.

ThC Like ThB. Probably two products.
One gram of radium gives off 0.0328 cal. per sec, and produces

5.17 X 10-' cc. of helium (0°, 76 cm. pressure) per gram per sec.

Heats of Formation

Heats of formation are expre.ssed in calories, i.e., the amount
of heat necessary to raise 1 gram of water from 10°C. to 11°C.
When it is said that the heat of formation of any compound is a
certain number of units, it is meant that this number of calories

is developed in the production of a mass in grams of the sub-
stance equal to its molecular weight, i.e., when we say that

C -t- O2 = CO2 97,200 cal.

we mean that 12 grams of carbon and 32 of oxvgen develop
97,200 cal.

The heat of formation and the heat of decomposition of any
substance are the same; i.e., in order to effect the deromposition
of a substance an amount of heat must be suppUed equal to
the amount evolved in the formation.
The heat of combination of the elements, like many others

of their properties, follows the periodic law, the relation being
thus stated bj' W. G. Mexter (Am. Journ. Sci., June. 1914):
The heat equivalents of the elements of a subgroup in the series
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111 to VIU are either linear functions of the atomic weights, or

the heat of fi)rniatiou of the oxide of the niidcUe member falls

below the linear value by a constant amount for each atom of

oxygen combined.

IIk.\t of Formation op Silicates
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Heat of Formation of Oxides

Formula Molecular
weights

Molecular
heat of formation

In dilute
solution

Mg, O..
Ba, O...
Ca, O...
Sr. O....
AI2. O3. .

Ti, Oj...
Na2, O..
Kt.O...
Si, O2. . .

Mn. O..
B2. O3...
Zn, O...
Mn3, O4.
Pj, Oi...
Sn, O. . .

Sn. O2. .

.

CO, O..

H2. O. .

.

H2 O2'
Fea, O4
Cd, O
Fe, O
Fei, O3
Co, O
Mn, O2
Ni, O
Sb2, O3
Aaj, O3
Pb, O
C. O2
Bi2, O3
Sbi, Os
Asi, 0«
CU2, O
TI2, O
Cu. O
Ba, O2
S, Oj
Pb, O2
8,0.
TI2, Oa
CO
Hg2, O
Hg, O
Te. O2
Pd, O
Pt, O
Agi, O
AU2, O3
Ni, O
N, O
Ni, O3
N, O2 (at 22°)..
N, O2 (at 150°).
N20$
CatO
LiiO
Rb20
W. Oj
V2. Ob
Cr2, O3

24 + 16 =

137 + 16 =

40+ 16 =

87 + 16 =

54+48 =

48+ 32 =

46+ 16 =

78+ 16 =

28+ 32 =

55+ 16 =

22+ 48 =

65+ 16 =

165+ 64 =

62+ 80 =

118 + 16 =

118 + 32 =

28+ 16 =

r 2+ 16 =

I
2+ 16 =

[ 2 + 16 =

2 + 32 =

168+ 64 =

112+ 16 =

56+ 16 =

112+48 =

59 + 16 =

55+ 32 =

58.5+ 16 =

240+ 48 =

150+ 48 =

207+ 16 =

12+ 32 =

416+ 48 =

240+ 80 =

150 + 80 =

127.2 + 16 =

408 + 16 =

63.6+ 16 =

137+ 32 =

32+ 32 =

207 + 32 =

32+48 =

408+ 48 =

12 + 16 =

400+ 16 =

200+ 16 =

125.-5+ 32 =

106 + 16 =

195+16 =

216 + 16 =

394+48 =

28+ 16 =

14 + 16 =

28+ 48 =

14+ 32 =

14 + 28 =

28+ 70 =

266+ 16 =

14 + 16 =

171 + 16 =

184+48 =

102 + 80 =

104+48 =

= 40
= 153
= 56
= 103
= 102
= 80
= 62
= 94
= 60
= 71
= 70
= 81
= 229
= 142
= 134
= 150
= 44
= 18
= 18
= 18
34
232
a28
= 72
= 160
75

= 87
74.5

= 288
= 198
= 223
= 44
= 464
320

= 230
=143.2
= 424
= 79.6
169
64
239
80
456
28
416
216
157.5
122
211
232
442
44
30
76
46
42
98
:282
30

= 187
232

= 182
= 152

143,400
133,4001
131,500
131,200
392,600
218,500
100,900
98,200

180,000
90,900

272,600
84,8002

328,000
365,300
70,700

141,300
•68,040
70,400 solid

69,000 liquid
58,060 gas

270,800
66,300
65,700
195,600
64,100
125,300
61,500

166,900
156,400
50,800
97,200 gas

139,2004
231,200
219,400
43,800
42,800
37,700
145,500
69,260 gas
63,400
91,9005
87,600
29,160 gas
22,200
21,500

21,000
17,000
7,00a

-11,500
-19,000«
-21,600«
-21,400«
-1,700«
-7,6006

100,000
140.000
94,900

243,000
441,000
266.000^

148,800
161,500
149,600
158,400

155,900
165,200
180,000«

279,900
82,680

405,0000

' 73,946'

47,300'

148,900

103,166'

225,400

"39,766'

77,600

'l'4'l',666'

78,300

3,600«

> Thomsem, 126,000. 2 42,740 at 1125°C. ' "Annuaire des Bureau des
Longitudes," 1914. » Kate and Laby, 20,000. ' Kayb and Laby, 103,000.
•Thomsen', " Thermochemistry."

' This is the heat evolved by a stable amorphous oxide. There is an
unstable form evolving only 243,000 cal.
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Heat of Formation of Hydroxides

Formula
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Heat of Formation of Ferrocyanides

Formula Molecular weights
Molecular heat
of formation

In dilute
solution

K4, Fe, Ce, Xe..

H4, Fe, C«, Xe..

Kj, Fe, Co, Xe..
H3. Fe, C«. Xs..

156+ 56+ 72+84 = 368' 157.300
4 + 56+ 72 + 84 = 216 -102,000

117+ 56+ 72 + 84 = 329 129,000
3 + 56-72-1-84 = 215

145,300
-101,500
100,800

-127,400

Heat of Formation of Selexides

Formula Molecular weights Molecular heat
of formation

In dilute
solution

Lii, Se
Ki. Se....
Ba, Se...
Sr, Se
Ca, Se...
Nai, Se..
Zn, Se
Cd, Se...
Mn, Se...
N, Hs, Se.
Cu, Se....
Pb, Se...
Fe, Se....
Ni, Se....
Co, Se....
Tlj, Se...
Cui, Se. .

.

Hg. Se...
Agj, Se...
Hj, Se....
N, Se

14+79 =

78+79 =

137 + 79 =

87+ 79 =

40 + 79 =

46 + 79 =

65+ 79 =

112 + 79 =

55+ 79 =

14 + 5+ 79 =

63.6+ 79 =

207 + 79 =

56+ 79 =

58.5+ 79 =

59+79 =

408+ 79 =

127.2+79 =

200+ 79 =

216+ 79 =

2 + 79 =

11+79 =

•93
157
•216
:166
:119
•125
•144
•191
•134
•98
•142.6
•286
= 135
•137.5
•138
•487
= 206 .

2

•279
= 295
= 81
•93

93,700
87,900

78,600

12,800

83,000
79,600
69,900
67,600
58,000
60,900
30,300
23,700
22,400
17,800
17,300
17,000
15,200
14,700
13.900 I

13,400
8,000

I

6,300 1

2,000
-25,100 (gas) -15,800
- 12,.300

He.\t of Formation of Tellurides

Formula Molecular weights
j

Molecular heat
of formation

In dilute
solution

Zn, Te.
Cd, Te.
Co, Te.
Fe. Te.
Ni, Te.
Th, Te.
Cuj, Te
Pb, Te.
Hj. Te.

65+ 126 = 191
112 + 126 = 238
59 + 126=185
56+ 126 = 182

58.5 + 126=184.
408+ 126 = .534

127.2 + 126 = 253.
207 + 126 = 333

2 + 126 = 128

31,000
16,600
13,000
12,000
11,6(XJ

10,600
8,200
6,200

-34,900 fgasl
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Heat of Formation of Sulphides

Formula Molecular weights
Molecular heat
of forniatioa

In dilute
solution

Li., S. .

.

K.. S. .

.

Ba. S...
Sr, S....
Ca. 8...
Nai. S..
Mg, S...
K. Si...
Na. Si..
Mn, S...
Zn. S...
All. Si..
N. H.. S
Cd. S...
B,. Si. .

.

Fe. S....
Co. S. .

.

Th. S. . .

Cuj. S..
Pb. S...
Si. St...
Ni. S...
Sbt, Si. .

Hg, S. . .

Cu. S...
Hi. S...
Agi. S..

C.St...

I,S

14+32 =

78+ 32 =

137 + 32 =

87+ 32 =

40 + 32 =

46+ 32 =

24+32 =

39 + 64 =

23 + 64 =

55 + 32 =

65+ 32 =

54+96 =

14+ 5 + 32 =

112+32 =

22+96 =

56+ 32 =

59 + 32 =

204 + 32 =

127.2 + 32 =

207 + 32 =

28 + 64 =

58.5+ 32:
240 + 96:
200 + 32 =

63.6+ 32 =

2 + 32 =

216 + 32 =

46
110
169
119
72
78
56
103
87
87
97
150
51
:144
118
88
:91
= 236
=159.2
= 239
= 92
= 90.5
= 336
= 232
= 95.6
= 34
= 248

12 + 64 = 76

127 + 32 = 159

103,500
102,900
99,300
94,300
89,300
79,400
59,300
49.500
45,600
43,000
126,400
40,000
34,400
75,800
24,000
21,900
21,600
20,300
20,200
40,000
19,500
34.400
10,600
10.100
4.800 gas
3.000

- 25,400 gas
-19,0001iquid

9,000

115,400
113,500
109,800
106.700
100,600
104.300

59.700
54,400

36.700

9,500

> Molecular heat of combustion of HjS = 122.500 cal.

bustion of 1 cu. meter HiS = 5513 cal.

and heat of com-

Heat of Formation of Nitrides
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Heat of Formation of Phosphides

Formula Molecular weights
Molecular heat
of formation

In dilute
solution

Mnj, Pi 165+ 62 = 227
H3, P 3 + 31 = 34
Fe, P 56+ 39 = 95

70.900
4,900

nearly

Arsenides, Antimonides, Borates

Formula Molecular weights
Molecular heat In dilute
of formation ' solution

Hi, As
Hi. Sb
Nai, Bj. O7

3+ 73 = 78
3 + 120 = 123

46+ 44 + 112 = 202

— 44,200 gas
-86,800 gas
748,100

-36,700

"758,366'

Heat of Formation of Fluorides

Fornmla Molecular weights ^ifZ^^^^^'
In dilute
solution

Br, Fj. . .

,

Ba. Fi...
Li. F
K, F
Ca. Fi. .

.

Mg. Fj. .

.

Na. F. .

.

N, H«. F.
Al. Fi. . .

.

B. Fi. . .

.

Mn. Fi. .

Zn. Fj. .

.

Si, F«
Fe. Fj...
Cd. Fi. .

.

Co, Fj. .

.

Ni. Fj. .

.

Fe. Fi. .

.

Tl, F. . .

.

Pb. Fj...
H. F
Sb. Fj. .

.

Cu, Fj. .

.

Ag. F. . . .

87+ 38 =

137+38 =

7+ 19 =

39 + 19 =

40+ 38 =

24 + 38 =

23 + 19 =

14+ 4 + 19 =

27+ 57 =

11+57 =

55+ 38 =

65+ 38 =

28+ 76 =

56+38 =

112+38 =

59+38 =

58.5+38 =

56+ 57 =

204+19 =

207+38 =

1 + 19 =

120+ 57 =

63.6+ 38 =

108 + 19 =

= 125
= 175
= 26
= 58
= 78
= 62
= 42
= 37
= 84
:68
^93
= 103
= 104
•94
= 150
= 97
= 96.5
= 113
= 223
= 245
= 20
= 177
= 101.
127

224,020
224,000

110,000
216.450
209,500
109,720
101.250

275.920 gas

101,600
38,500 gas

22,070

221,500
116,880
113,600

109,120
99,750

275,220
219,345
153,310
138,220

125,220
121,720
120,340
118,980
164,940
54,405

50,3001
136,680
88,160
25,470

1 Other authorities, 69,000.

Heat of Formation of Silicides

Formula Molecular weights
Molecular heat
of formation

In dilute
solution

Mn:, Sii.

H«. Si...
385+ 56 = 441

4 + 28 = 32
47,400
-6,700 gas



298 METALLURGISTS AND CHEMISTS' HANDBOOK

Heat of Formation of Carbides

Formula Molecular weights
Molecular heat
of formation

In ililiilo

solution

AI4. Cs.
Mn, Cj
Mn, Ca
Fes, C.
Ca, Ci.
Na. C.
Li, C...
Nj, Ci
Ag. C.

.

Mn3, C

108+36 = 144
55 + 24 = 79
55+ 36=91

168 + 12 = 180
40+ 24 = 64
23 + 12 = 35
7 + 12 = 19

28 + 24 = 52
108 + 12 = 120
165 + 12 = 177

232,000
114,400

9,900
8,460

-6,250
-4,400
-5,750
-73,000 gas
-43.575

10.400

131,500

-67,100

Heat of Formation of Bromides

Formula Molecular
weights

Molecular heat of
formation

In dilute
solution

Xa.Br
K.Br
A\,Bt3
Zn,Br2
Cd.Bri
Pb.Brj
Sn, Bra
Cu. Brj

Sn, Br4

Hg. Br
Ag, Br (cryst.)

Sb, Br3
Cu, Bri
Pt, Bt*
Au. Brj
Au, Br;
H, Br

23+ 80 =

46+ 80 =

27 + 240 =

65 + 160 =

112 + 160 =

207 + 160 =

118 + 160 =

63+ 80 =

118+ 320 =

200+ 80 =

108+ 80 =

120 + 240 =

63 + 160 =

195 + 320 =

197 + 240 =

197 + 160 =

1+80 =

= 103
= 126
= 267
225
:272
= 367
^278
= 143

438

280
:188
= 360
= 223
= 515
= 437
357

= 81

Liquid bromine
79,450
99,050
120,600
78,200
76,200
69,000
63,000
26,000

/ 101,400 (solid)

\ 98.400(liiiuid)
24,500
23,700
64,900
34,800
42.400
12,1001
1,000
8,400

207,500
93,200
77,200
59,000

118,000

53,000
52,200
8,400

28,600

' 8800 Berthelot.

Heat of Formation of Iodides

t;. , 1 Molecular
Formula j

^.^i^j^jg
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Heat of Formation of Carbonates

Formula Molecular weights
Molecular beat
of formation

In dilute
solution

Ba. C, O3. . .

.

Kj, C, Oa....
Sr, C. Oj
Ca. C, Oi....
Nas, C, O3...
Mg, C, Oj...
Mn, C, O3...
Zn, C, Oj
Fe, C, Oj....
Cd. C. O3....
Pb. C, Oj....
Cu, C. Oj...
Agj, C, O3...
N, H< H, CO3

137+ 12+48=197
78+ 12+ 48 = 138
87+ 12+ 48 = 147
40+ 12 + 48 = 100
46+ 12 + 48 = 106
24+ 12 + 48= 84
55+ 12 + 48 = 115
65+ 12 + 48=125
56+ 12 + 48 = 116
112+ 12 + 48 = 172
207+ 12 + 48 = 267

63.6 + 12 + 48=123.6
216+ 12 + 48 = 276

14 + 4 + 1 + 12+48= 79

286,300
282,100
281,400
273,850
273,700
269,900
210,300
197,500
187,800
183,200
170,000
146,100
123,800
205,300

288,600

'279,300

199,000

He.\t of Formation of Bic.\rbon.\tes

Formula Molecular
weights

Molecular heat
of formation

In dilute
solution

K, H. C, Oj 39 + 11-12+48 = 100!
Na, H, C, O3 23 + 1 + 12+48= 841

233,300
227,000

228,000
222,700

Heat of Form.ation of Sulphates

Formula Molecular weights
Molecular heat
of formation

In dilute
solution

Ki, S, O4....
Ba. S, O4....
Lis, S, O4
Sr, S. O*
Nai, S, O4...
Ca, S, O4....
Mg, S. O4...
All, Sj, On..
Ni. Hj, S, O4
Mn, S, O4 . . .

Zn, S, O4
Fe, S, O4....
Co, S, O4.

78+32+ 64
137+32+ 64
14+32+ 64
87+32+ 64
46+32+ 64
40+32+ 64
24+32+ 64
54+ 96+ 192

28+ 8+32+ 64
55+32+ 64
65+32+ 64
56+32+ 64
59+32+ 64

Ni, S, O4
i
58.5+32+ 64 =

Fej, Sj, O12.
Th, S, O4
Cd, S, O4
Pb, S, O4
Hj, S, O4
Cu, S, O4
Hg2, S, O4
Agj, S, O4
Hg, S, O4
Co, S, 04-7H20.
Nj, Hj, S, O4 .

.

Rbi, S. O4
C82, S,04

112+96+ 192
408 +32+ 64
112+32+ 64
207 +32+ 64

2 +32+ 64
63.6 +32+ 64 =

400+32+ 64
216+32+ 64
200+32+ 64

'59 + 32 + 64 + 126
,28+ 8 +32+ 64

171+32+ 64
I

266+32+ 64

= 174
= 233
= 110
= 183
= 142
= 136
= 120
= 342
= 132
= 151
= 161
= 152
= 155
154.5
= 400
= 504
= 208
= 303

159. G
= 496
= 312
= 296
= 281
= 132
= 267
= 362

344,300
339,400
333,500
330,200
328,100
317,400
300,900

'283,500'

249,400
229,600

221,800
219,900
215,700
192,200
181,700
175,000
167,100
165,100
234,000
283, .500

344,700
349,700

337,700

339,600

328,500
321,800
321,100
879,700
281,100
263,200
248,000
234,9001
228,900
228,700
650,500
213,500
231,600

'216,266'

197,500

i62,'60O
"

281,100

J 240,000 for FeS04 7H2O.
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Heat of Formation' of Chlorides

Formula Molecular
weights

Molecular heat
of formation

In dilute
solution

K. CT 39-1- 35.5 =

Ba, CU
,

137-)- 71 =

Be, Cli 9-1-71
Na. CI 234- 35.5 =

Li. CI 7+ 35.5 =

Sr, Clj 87-1- 71 =

Ca. Cli 40-f 71 =

N. Hi. CI 14-h4-|-35.5 =

Mg, Ch ;
24-1-71 «

S. Cli
I

28-f-142 =

Al. CIi 27-1-106.5 =

Mn. Clj
I

55-f- 71 =

Zn. Clt ! 65-f- 71 =

Tl, CI I 204 -f- 35
Cd. Cli 112-1- 71 =
Pb. Cli 207 -f- 71 =
Fe. Cli

I

56-1- 71 =
Sn. Clj 118-(- 71 =
Co. Cli I 59-f- 71 =
Ni, Cli 58.5-1- 71 =
Cu. CI 63.5-1- 35.5 =

5 =

Sn, Cl« 1184-142
Fe, Cli 564-106.5 =
Hg. CI 2004- 35.5 =
Sb, Cli 120 4-106.5 =
Hi. Ch ; 2084-106.5 =
B, CU 114-106.5 =
Ag. CI 1 1084- 35.5 =
Hg, Cli

,

2004- 71 =
Cu, Cli ,63.64- 71 =
As, CU

I

754-106.5 =
H, CI ' 14- 35.5 =
Sb, CU I 1204-177.5 =
Pd, CU

!

1064- 71 =
Pt. CU I 1954-142 =
Au, CU i 1974-106.5 =
Au, CI 1

1974- 35.5 =
P, CU 314-106.5 =
Rb, CI 85.54- 35.4 =
Ca, CI

I

1334- 35.4 =
Zr, Oi I 914-32 =
Ce, Oi

1
1404- 32 =

Si. CU i'S.4-141 7 =

74.5
208
80
58.5
42.5,
158
111

I

53.5'
95

I

170
133.5'
126

I

136 !

239.5
183
278
127

I

189
130
129.5
99 i

260
162.5
235.5
226.5
314.5
117.5
143.5!
271

i

134.61

18J.5
36.5
297.5
177

I

337
303.5!
232.5
137.5
120.9,
168.4
123
172 I

lf.9.7.

105,700
197,100
155.000
97,900
93.900
134,700
169,900
76,800

151,200
128,800
161,800
112,000
97,400
48,600
93,700
83,900
82,200
80,900
76,700
74.700
35.400

129.800
96.150
31.320
91.400
90.800
89,100
29.000
53.300
51.400
71,500
22,000
104.500
40,500
60,200
22,800
5,800

69,700
105,900
109.900
177,500
224,600
121,800

liquid

liquid

101,200
198,300
199,500
96,600
102,300
195,850
187,400
72.800
187,100

238.100
128.000
113.000
38.400
96.400
77.900
100.100

127,850

93.400

I 50.300
I 62,500

39,400

79,800
27.200

Heat of Formation of Pho.sphates and Miscellaneous
Acids

Formula Molecular weights
Molecular heat
of formation

In dilute
solution

Cai. Pi, 0»
Mgi, Pi. Oi
Na», P, 0«.
Hi, P, 0«'.
H, Br. Oi'.
H, CI, Oi« .

H, CI, OaK
H, I, Oi>..
Hi, P, Oi'.

1204- 624-128 = 310
724- 624-128 = 262
694- 314- 64 = 164
3 4-31 4- 64= 98
14- 804- 48 = 129
14-35.54- 48= 84.5
14-35.54- 64 = 100.5
14- 127 4- 48 = 176
34- 314- 48= 82

919,200
910,600
452.400

302,000
12,500
22.000
39,100
57.700

228,800

> These results from " Annuaire du Bureau des Longitudes," 1914.
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Heat of Formation of Bi-sulphates

c. , 1 Molecular
Formula

j ^.^-^^^^
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IIf.at of For.m.\tiOiV of Alloys

FormuUi Molecular weights
Molecular hoat
of formation

In dilute
solution

Cu, Zni
Cu, Zn.
Cu3, Al.
Cu2, Al.
Cu3. Alj
Cu, Al..

Cui, Ah
Cu, Al2

63.6+ 130=193.6
63.6+ 65 = 128.6
190.8+ 27 = 217.8
127.2+ 27 = 154.2
190.8+ 54 = 244.8
63.6+ 27 = 90.6
127.2+ 81=208.2
63.6+ 54 = 117.6

10,143
5,783

26,910
21,278
17,395
1,887

10,196
- r.,738

Dehydhatiox of
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Heat of Solution

Salt dissolved Calories

CUSO4.5H2O -2,750
CdS04.f^HoO 2,660 .

ZnS04.7H20 -4,260
FeS04.7H20 - 400
ZnCl. in water 15,630
ZnS04 in water 18,500

Desulphatization of Anhydrous Metallic Sulphates*

Metallic
sulphates
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Reduction Temperatures of Metallic Oxides

Various metallic oxides were submitted to the action of

hydrogen, carbon monoxide, ammonia and methane, at various
temperatures for a period of 6 hours, and the investigators

report in the Journ. Soc. Chem. hid., July 30, 1910, the lowest
temperatures at which the oxides begin to lose oxygen. The
accompanying tabulation shows the results obtained.

Temperatures at Which Oxides of the Metals Give up
Oxygen

Oxide
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probably the purest samples of these metals that have been
prepared up to the present. This supposition is supported ])y
the sharp nature of their melting points, a feature which hiis
not been obser\^ed with samples prepared by other methods.

Decomposition of Carbonates^

ZnC03 = ZnO + CO. 300°C.
MgCOa = MgO + COo 650°C.
FeCOa = No simple product 800°C.
CaCOa = CaO + CO2 812°C.
SrCOs = SrO + CO, begins 1141 °C.
BaCO, = BaO + CO2 begins 136 1°C.
MgCOa = MgO + CO2 546°C.

Decomposition of Sulphides-

Pvrite - FeSo = FeS + S:* 565°C.
Chalcopyrite 720°C.

Oxidation of Metallic Oxides at High Temperatxires and
Pressures

J. MiLBAUER has experimented on the reactions of metallic

oxides at high temperatures and pressures {Journ. Soc. Chem.
Ind., May 31, 1916). When heated in oxygen for an hour at

480°C., and 12 atmospheric pressure, most of the normal metal-
lic oxides remained unchanged. The following exceptions were
noted: Potassium and barium oxides were converted into per-
oxides, lead oxide into red lead, antimony oxide into the tetrox-

ide, and manganese oxide into sesquioxide; the lower oxides of

nickel and cobalt j'ielded traces of nickelic and cobaltic oxides.

Silver was converted into black crusts of, apparently, a perox-
ide, since on treatment with hydrochloric acid they yielded
chlorine. Platinum remained unchanged. Experiments under
similar conditions with metallic oxides intimately mixed with
chromium sesquioxide, showed in many cases a more or less

complete conversion into metallic chromate with absorption of

oxygen. Thus, for example, the products obtained from chro-
mium oxide and the following oxides (or carbonates) contained
the annexed percentages of chromate respectively: Silver oxide,

100 per cent, of chromate; magnesium oxide, 82.7 per cent.;

calcium oxide, 56.9 per cent.; zinc oxide, 72 per cent.; and lead
carbonate, 100 per cent. The reaction is therefore available

for the preparation of certain chromates, notably that of mag-
nesium, which in many cases can be substituted for alkali

chromates.

1 Soe pp. 52.3 antl .524 for additional rlata.
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Molecular Heat of DUution*

The heat set free or absorbed on diluting a gram molecule of

liquid with water is the molecular heat of dilution, thus on
diluting HCl to (HCl, .300 HoO) 17,300 cal. per 36.5 grams of

HCl are set free; diluting 2XaCl, nH.O (n = 20) to (2NaCl,
100 H2O) absorbs 1060 cal. per 2 X 58.65 grams of XaCI.

HCl
n = H2O
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Thermoelectric Constants

The electromotive forces' given by various thermo-couples
in general use, and at a temperature of 500°C., with the cold
junction temperature O'C, are as follows:

Approximate cloctro-
Xame of thermo-couple motive force in milli-

volts at 500°C.
Platjnum-platinum 10 per cent, rhodium 4.4
Platinum-platinum 10 per cent, iridium 7.4
Nickel-nickel 10 per cent, chromium (The Hoskin's

couple) 10.0
Iron-nickel 12.0
Iron-constantan 26.7
Silver-constantan 27.6
Coppcr-constantan 27 . 8

The relation between temperature and the electromotive
force produced by a thermo-couple when the cold junction is

maintained at 0°C. is usually given in an equation of the form

log c = A log t + B,
where

e = c.m.f. of the thermo-couple in millivolts,

t = the temperature of the thermo-couple in degrees
Centigrade,

and A and B are constants depending on the wire employed.
For the chief thermo-couples in general use at the present

time this equation is as follows:

Platinum-platinum rhodium approximately log e = 1.19 log t + 0.52
Platinum-platinum iridium approximately log e = 1.10 log t + 0.89
Silver-constantan approximately log e = 1.14 log ( -j- 1 . 34

(See also p. 171)

J Engineering, Aug. 1, 1913.
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Thebmochemical Constants Per Chemical Equhalent
WITH Corresponding Voltages

In the table of therrao-chemical constants per chemical
equivalents (bj' J. W. Richards, Journ. Franklin hist., 1906)
the column headed " per chemical equivalents " gives the addi-
tional energy in case of the plus figures, or the smaller amount,
in case of the negative, required to set free a chemical equiva-
lent (molecular weight divided by valence) of the given sub-
stance as compared with the energy required to decompose the
corresponding hj^drogen compound.

In the formation of CuClj the data in the table are — 7900
Cu, + 39,400 CI2 = 31,500 gram-cal. required for the decom-
position of one chemical equivalent of CuCh, the corresponding
drop in voltage is - 0.34 Cu, + 1.71 CI2 = 1.37 volts for the
decomposition voltage of CuCl2. The order in which the
elements are placed gives also the order in which they will be
deposited one after another by decreasing voltages.

Basic elements
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If Q is the heat energy of formation of one molecular weight,
71 the valence of the compound, then

nEF = Q X 4.19

or since F = 96,600

^ = oo r..r> (Thomson's rule).
23,040«

The rule is not quite correct. The true relation between heat
and electrical energy is given by the Gibbs-Helmholz equation

dEnEF = Q + t'~

dE .

in which T = absolute temperature, and -p^ is the temperature

coefficient of the e.m.f. As this coefficient is usually not large,

Thomson's rule is sometimes used to give an approximate
value.

Example

:

Cu + CI2 + aq = 62,500; n = 2 valences

„ 62,500 , „- -

^ = 23,040X2 = ^-^^^^^^^^

CuSO* 4- H2O = Cu + HjSO* + O
197,500 + 69,000 - 210,000 = 56,300

„ 56,300 , -^ ,^^ =
2X23,040

=^-22 volts

Electroplating Baths'

Brass Bath (Roselecr'sj.—Per liter of water:
Sodium carbonate, dry (NaoCOsj 10 g.

Cupric acetate, pulverized 14 g.

Sodium bisulphite (HNaSOs) 14 g.

Zinc chloride, fused (ZnCU) 14 g.

Potassium cyanide (lOO per cent. KCN) 40 g.

Ammonium chloride (NH4CI) 2 g.

Current density-, 0.3 amp. per sq. dm.; e.m.f., 2.7 volts; sp. gr.,

1.0545; deposit per hour, 0.0041 mm.
Di-ssolve the sodium salts in 400 cc. warm water, stir the

copper and zinc salts with 400 cc. of warm water, and stir

slowly into the first solution. Dissolve the cyanide in the
remainder of the water and stir into the other portion of the
bath, where the precipitate should di.ssolve. Add the ammo-
nium chloride and boil for an hour, replacing the water evap-
orated.

Copper Bath—Acid.—Per liter of water:
Copper .sulphate (Cu80v5H20) 200 g.

Sulphuric acid (cone. H2SO4) 30 g.

Current density, 1 to 3 amp. per sq. dm.; sp. gr. 1.1417.

' "A Laboratory Course in Electrochemistry," Watts.
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Copper Bath—Alkaline.—Per liter of water:
Sodium sulphite (Na2S03) 20 g.

Sodium carbonate (Na2CO3-10H2O) 20 g.

Sodium bisulphite (HNaSOs) 20 g.

Cupric acetate (Cu-2C2H302-H20) 20 g.

Potassium cyanide (100 per cent. KCN) 20 g.

Current density, 0.3 amp.; e.m.f., 2.9 volts; sp. gr., 1.0507;
deposit in 1 hour, 0.0056 mm.; temp., 20°C.; make-up as
under brass bath.

Cobalt Bath I.—Cobalt-ammonium sulphate, CoS04-(NH4)2-
S04-6H20, 200 grams per liter of water (or 145 grams of the
anhydrous salt). Sp. gr., 1.053 at 15°C.

Cobalt Bath II.—Cobalt sulphate, C0SO4, 312 grams, sodium
chloride, NaCl, 19.6 grams, boric acid, nearly to saturation,
water, 1000 cc. Sp. gr., 1.25 at 15°C.
• Use cobalt anodes, and current even up to 100 amp. per
square foot where possible (H. T. Kalmus et al., Electrical

Review, May 8, 1915).

Gold Bath.—Per liter of water:
Sodium carbonate, dry (Na2C03) 10 g.

Gold-ammonium chloride (NH4)2AuCl« 2 g.

Potassium cyanide 7 g.

Current density, 0.1 amp. per sq. dm.; e.m.f., 2.8 volts; sp.

gr., 1.0175; deposit per hour, 0.00184 mm.; temperature,
20°C.; anode area one-third cathode.

Iron Bath.—Per liter of water:
Ferrous sulphate (FeS04-7H90) 150 g.

Ferrous chloride (FeCl24H20) 75 g.

Ammonium sulphate (NH4)2S04 100 g.

Current density, 1.0 amp. This bath can be used for refining

iron. At 20°C. the deposit is hard and brittle, but electrolysis

at 80'* to 90° yields a soft metal. See also p. 593.

Lead Bath.—Per liter of water

:

Lead (as PbSiFe) 50 to 80 g.

Hydrofluosilicic acid (HaSiFe) 100 to 150 g.

Gelatin 0.5 g.

Current density, 1.2 to 1.6 amp. per sq. dm. This bath is

used for refining. For plating reduce the free acid to 2 or 3 per
cent.

Nickeling on Iron or Steel.—Per liter of water:
Nickel-ammonium sulphate 75 g.

Current density, 0.3 amp.; e.m.f., 3.5 volts; sp. gr., 1.0479;
deposit per hour, 0.0034 mm.; cast anodes should be half the
area of cathode.

Nickeling on Brass or Copper.—Per liter of water:
Nickel sulphate (NiS04-7H20) 50 g.

Ammonium chloride (NH4CI) 25 g.

Current density, 0.5 amp. per sq. dm.; e.m.f., 2.3 volts; sp. gr.

1.0357; deposit in 1 hour, 0.0059 mm.; cast anodes should be
one-half area of cathode.
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Nickeling on Zinc.—Per liter of water:

Nickel sulphate 40 g.

Sodium citrate 35 g.

Current density, 0.27 amp. per sq. dm.; e.m.f., 3.6 volts; sp.

gr., 1.0394; deposit per hour, 0.00301 mm.; rolled anodes
should have two and one-half times area of cathodes.

Nickel Solution—Thick Deposits.—Per liter of water:

Nickel sulphate, XiSO^-TH.O 50 g.

Ammonium tartrate, neutral 36 g.

Tannin 0.25 g.

Current density, 0.3 amp. per sq. dm.
Black Nickel.—Per liter of water:

Nickel-ammonium sulphate 60 g.

Ammonium sulphocyanide 15 g.

Zinc sulphate, cryst 7 g.

Use nickel anodes three to four times the surface of the
cathodes. Current density, 0.05 amp. per sq. dm. Deposit
takes best on white nickel. Solution must be kept neutral
by nickel carbonate.

Platiniun Bath

—

(Roseleur's).—Per liter of water:
Thin Thick

deposita deposits

Ammonium phosphate 20.0 g. 100.0 g.

Sodium phosphate 100. Og. 100.0 g.

Platinum as PtCI 4 2.3 g. 10.0 g.

Current density, 1 to 2 amp. per sq. dm.; e.m.f., 3 to 4 volts.

Dissolve the platinic chloride in 100 cc. of water. Dissolve
the ammonium phosphate in 200 cc. of wat€r and stir into the
platinum solution, when the precipitate previously formed will

dissolve. Boil until odor of ammonia has disappeared and add
water to make up for evaporation. Bath should have acid

reaction and should be used hot. Potential difference, 6-8
volts.

Silver Bath—Heavy Plating.—Per liter of water:

Silver as silver cyanide 25 g.

Potassium cyanide 27 g.

Current density, 0.3 amp.; e.m.f., 1.3 volts; sp. gr., 1.0338;

deposit per hour, 0.0114 mm.; area of anodes equals area of

cathode.

Silver Bath—Ordinary Plating.

—

Silver as silver cyanide 10 g.

Potassium cyanide 20 g.

Current density, 0.3 amp. per sq. dm.; e.m.f., 1.5 volts; sp. gr.,

1.0175; deposit per hour, 0.0115 mm.
Tin Bath (Roseleur's).—Per liter of water:

Sodium pyropho-sphate (Na4P207) 40 g.

Tin chloride, fused (SnCU) 16 g.

Tin chloride, cr>'st. (SnCU^HaO) 4 g.
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Current density, 0.3 amp. per sq. dm.; e.m.f., 2 volts; sp. gr.,

1.0357; deposit per hour, 0.0059 mm.; anode area equal to cath-

ode, solution gives deposit on copper, brass, bronze or zinc ; but
iron or steel must be coppered first or given a preliminary coat
of tin by an immersion bath. The tin anodes do not corrode
evenly and tin salts must be added to maintain sufficient

amount of tin in solution.

Tin Baths.—Per liter of water:

Caustic soda (NaOH)
Tin chloride, cryst (SnCh ^HoO)
Sodium hyposulphite.. . . (Na2S203 -51120)

Sodium chloride (NaCl)

90 g. 120 g.

30 g. 30 g.

15 g. 60 g.

15 g..

125 g.

50 g.

75 g.

Tin Bath, by Immersion.—Per liter of water:
Ammonium alum (NH4A1(S04)2-12H20) 25 g.

Tin chloride, fused (SnCl2) 2 g.

A bright coating is produced on clean iron by 30 to 60 seconds
immersion in the boiling solution.

Zinc Bath.—Per liter of water

:

Zinc sulphate (ZnSOi^HaO) 100 g.

Ammonium chloride (NH4CI) 25 g.

Ammonium citrate 40 g.

Current density, 0.5 to 1.0 amp. per sq. dm.; e.m.f., 1.1 to
2.2; sp. gr., 1.0781; deposit per ampere-hour,. 0.0173 mm.

Zinc Bath.—Per liter of water:
Zinc chloride 60 g.

Ammonium chloride 30 g.

Hydrochloric acid 4 g.

Glycerine 4 g.

Use anodes of zinc and of antimonial lead in equal numbers.

Electrolytic Oxidation and Reduction

Overvoltage of Hydrogen and Oxygen.
(Quoted from Watts "A Laboratory Course in Electrochem-

istry.")

"Electrolysis lends itself well to oxidation and reduction proc-
esses, since it is possible to vary not only the speed, but also the
intensity of the action with great nicety. Factors affecting the
intensity of the reducing action are the material of the electrode,
the nature of its surface, and the current density. In comparing
the effects of different cathodes, an attempt is frequently made
to resolve the reducing action of the cathodes into the catalytic
action of the electrode material, and the 'overvoltage' of the
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OVERVOLTAGE OF HyDROGEN

Cathode

By
Cas-
pari'

SO4

By Foerster and 2N Hi
Pignet- N' UjS04 "sO« By

)
1

1
0.125 TafeP

I
Least Current 1 amp. lO.l amp.
poten-

I

0.04 arap. per sq. sq

I

tial per sq. cm.i cm.

Discharge poten-
tials, N.H1SO4

.Mercury ... . 78
Zinc

I
0,70

Lead 0.64
Tin

1 0.53
0,48
0.46
0.23
0.21
0.15
0,09

0.43

Cadmium
Palladium
Copper.. .

Nickel. . .

Silver. . . .

Platinum.
Gold 0.02
Platinized-

1

platinum. ,0,0

0.35
0.43
0.48

1.25 1.32 1.30

1.26
1.08
1.18

0.10
0.10

0.67
0.64

0.07
0.055

0.005

1.35
1.16
1.23

1.30
1.15
1.22

0.79
0.74

0.79
0.74
0.93(?)

0.86

0.05

0.96

0,07

0,95

0.07

+ .5476
-I-.4676
-I-.4076
-t-.2976
+ .2476
+ .2276
-.0024
-.0224
-.0824
-.1424
-.2124

+

.

1976

1176
1676
1976

.1324

.1324

.1624

.1874

-.2324 -.2274

Note.—" X " in the above table stands for normal.
' Zeit. phys. Chem., 1899, p. 89.
s Zeit. /. EUktrochfm., 1904. p. 715.
» Zeit. /. Chem.. 1904, p. 712.

hydrogen. The variation in the potential required by elec-

trodes of different metals for visible evolution of hydrogen is

usually expres,sed as the "overvoltage" of hydrogen on the par-
ticular metal, the least potential of platinized platinum being
taken as zero. The di.scharge potentials referred to the calomel
electrode (value, — O.06 volt) have been calculated for the differ-

ence between the calomel electrode and the hydrogen electrode
in normal sulphuric acid. The increase of overvoltage with
time and its diminution with rise of temperature varies for

different metals.

Anode Potextials and Overvoltage
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Electrochemical Order of the Elements*

In the following series each metal is electropositive to all that

follow it. Two metals in contact in the presence of an electro-

lyte form a galvanic couple which causes the more electro-

positive to be decomposed by electrolysis.

Cs-I-, Rb, K, Na, Li, Ba, Sr, Ca, Mg. Al, Cr, Mn, Zn, Ga, Fe,

Co, Ni, Tl, In, Pb, Cd, Sn, Bi, Cu, H, Hg, Ag, Sb, Te, Pd, Au,
Ir, Rh, Pt, Os, Si, C, B, N, As, Se, P, S, I, Br, CI, O, F.

Some authors put Cd just before Fe, Sn before Pb, and Sb and
As before Cu. That the last two should precede copper ordi-

narily seems probable. The order changes with the specific

electrolyte, and the position of selenium varies with the amount
of illumination.

Potentials of Metals ix their Normal Salts
(Neumann)
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Electromotive Force of Metals and Minerals in KCN
Solution'

M
-- KCN' = 6.5 per cent.
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Deposition by Immersion ^

Solution Deposits on Does not deposit on
SbCla. . , Bi, Brass, German Ag, Sb, Cu, Fe, Ni, Au, Pt,

Pb, Sn, Zn Ag.
BiCls Fe, Pb, Sn, Zn Sb, Bi, Brass, Cu, Au,

Pt, Ag.
CUSO4, Cu- Fe, Pb, Sn, Zn Sb, Bi, Cu, Au, Ni, Pt.

(N03)2
CuCh Bi, Fe, Pb, Sn, Zn. . . . Sb, Cu, Au, Ni, Pt, Ag.
CuCls (am-

moniacal). Zn Sb, Cu, Au, Bi, Fe,
Pb, Ni, Pt, Ag.

HgNOs As, Bi, Cd, Cu, Sb, Fe,

brass, Pb, Zn
AgNoj Pb, Sn, Cd, Zn, Cu, Bi,

Sb, Fe, Ni Ag, Au, Pt.

AgNo2 As, Sb, Bi, Zn, Sn, Cu, Fe.

(alcoholic).

AgCNKCN . . Zn, Pb, Cu, brass, f Sb, Bi, Sn, Fe, Ni,
CrprTTi Jiri As* iA0"An T^t

Au(CN)3KCN Zn, Cu, brass, German /Sb, Bi, Sn, Pb, Fe,

Ag. 1 Ni, Ag, Au, Pt.

Cleaning Metals by Electrolysis.—In cleaning adhesions of

dirt, rust, etc., from metals, the following method is recom-
mended: The articles are connected to the poles of an alter-

nating circuit and immersed in a salt solution. The liberation

of gases on the surface of the metals very quickly removes or
loosens everything of a non-metallic character, while the alter-

nating current prevents any permanent action on the metal
itself, and it is said the finish of the surface is not interfered

with. The voltage should be sufficient to cause evolution of

gas at the poles, and currents up to 110 volts have been used.
{Mining Review, Melbourne, Aust.)

Other authorities recommend a 10 per cent, solution of
H3P04. A carbon electrode is used if both electrodes cannot
be composed of metals to be cleaned.

A mixture of freshly moistened crushed sodium bisulphate
and common salt can also be used. This is applied and allowed
to remain in contact with the plate to be cleaned for some time.
After the plate is clean the mixture should be scraped oflf and
the plate washed with an alkaline solution.

'Gore, " Art of Electrolptic Separation of the Metals."



SECTION V

SAMPLING, ASSAYING AND ANALYSIS

^

STANDARD SOLUTIONS
Ammonium-nitrate solution—for washing ammonium phos-

phoinolybdate—5 to 10 per cent. Dissolve 50 to 100 grains

XH4N(33 in water and acidifj- with HNO3, using 1 cc. per liter

excess. Or add ammonia to strong HXC)3 (sp. gr. 1.42) until

alkaline to litmus, and bring back to acidity with HNO3, using
1 cc. per liter excess.

Ammonium-oxalate solution—used chiefly as a precipitant
for calcium. 1 gram of salt per 10 cc. of water. 1 cc. will

then ])rccipitate 0.0145 gram of CaO.
Barium chloride—used as precipitant for SOs. 1 gram

of crystals per 10 cc. of water. 1 cc. will precipitate 0.0327
gram .SO3.

Bichromate solution—for iron determination—8.79 grams
pure K-Cr-jO? in two liters of water. 1.0 cc. = 0.005 mg. Fe.

Cochineal—Grind 1 gram of the bugs in a mortar and
digest with 100 to 150 cc. of cold dilute alcohol (1vol. alcohol,

3 vol. water) for 20 or 30 min. Filter and the solution is ready
for use. See note under phenolphthalein concerning acidity

of alcohol. Useful with titrations with ammonia. Salts of

copper, iron and aluminum must be removed. Color changes
from yellowish red in acids to purple in alkalis.

Cuprous-chloride solution (ammoniacal)—for gas analj'sis.

Weigh out 16 grams of fresh CU2CI2, or about 25 if it is old.

Place in large Plorence flask and add 250 cc. water. By means
of delivery tube immersed in water, pass the gas from 200 cc.

concentrated ammonia water into the CU2CI2 flask using a two-
hole stopper in this flask with a check valve. Pass until practi-

cally all ammonia has passed over. 100 cc. of this Cu^Cli
solution will absorb 24 cc. of CO but should not be used in sec-

ond pipette after it has absorbed 6.

Cyanide solution—for copper determination. Use about 23
grams commercial potassium cyanide per liter of water. The
theoretical amount is 20.63. 1.0 cc. = 0.005 gram Cu.

Ferrocyanide—for zinc determination—45 grams of pure
K^FeCve per liter of water. 1.0 cc. = 0.010 gram Zn.
Hydrodisodium phosphate—HXaaPO*—used as precipitant

for magnesia. 1 gram to 10 cc. of water. 1 cc. of solution

precipitates 0.0112 gram of MgO.
Hyposulphite solution—for use in iodide copper determination— 19.59 grams c.p. sodium hyposulphite per liter of water.

1.0 cc. = 0.005 g. Cu.
Litmus—Dissolve 1 gram of litmus in 100 cc. of hot water

> For data on qualitative analysis see the previous section, pp. 270-289 inc.

318
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and add, drop bj' drop, dilute sulphuric acid until the liquid

acquires a red color. Boil for 10 min. to expel the carbon
dioxide. Should the red color pass into blue during the boiling,

restore the color by adding a few drops of dilute sulphuric
acid. Then add bar.yta water, drop by drop, until a violet color

develops, set aside to deposit, and falter. Preserve the litmus
tincture in bottles not completely filled, and preferably covered
only with a loose cover.

Magnesia mixture—-Dissolve 3 grams calcined MgO in

least necessary quantity HCl. Add excess of magnesia and
heat. Filter off any precipitated iron, alumina or phosphates
and add 35 grams ammonium chloride and 25 cc. of strong
ammonia, and dilute to 250 cc. 1 cc. = 0.016 gram PsOj
approximately.

Magnesium-nitrate solution—Dissolve 16 grams calcined
magnesia in least necessary nitric acid. Add an excess of

magnesia, heat for a few minutes, filter and make up 100 cc.

Manganese sulphate solution—for use in iron titrations, to
render end-point more distinct. 160 grams of manganous
sulphate are dissolved and diluted to 1750 cc. To this are

added 330 cc. of phosphoric acid (syrup 1.7 sp. gr.) and 320 cc.

of sulphuric acid. About 6 or 8 cc. are used in a titration.

Mercuric-chloride solution—for tin precipitation in iron

analysis—7 grams HgCU in 150 cc. water.
Methyl orange—Dissolve the dry substance in water, about

0.3 gram per liter. It must be used in cold solutions. It

cannot, as a rule, be vised with organic acids or with nitrites.

Yellow with alkalis, pink with acids.

Molybdate solution—Dissolve 25 grams molybdic acid
(M0O3) in about 100 cc. ammonia water. If action is too slow,

warm and add a little more strong ammonia water. Cool and
pour solution, a little at a time, into about 300 cc. of HNO3
(sp. gr. 1.20). Cool mixture during this process. Dilute to

500 cc. 1 cc. will precipitate about 0.001 gram of phosphorus.
For lead determination dissolve 9 grams of the salt in 1000

cc. water. 1.0 cc. = 0.01 gram Pb.
Nessler's solution—for estimation of ammonia in water

analysis. Dissolve 50 grams potassium iodide in a small
quantity of hot water, cool, and add with frequent agitation
a strong solution of mercuric chloride (40 grams of HgCh
to 300 cc. of water until the red precipitate just redissolves.

Filter. Add to the filtrate a strong solution of potassium hy-
drate containing 200 grams of the salt. Filter. Dilute to

1000 cc. and add 5 cc. of a saturated solution of mercuric chloride.

Allow the precipitate to settle, decant the clear liquid and
keep for use in a tightly stoppered bottle.
Normal acid or alkaline solutions—contain 1.008 grams of

acid hydrogen or 17.008 grams of hydroxyl per liter.

Permanganate solution—for iron, lime, etc.— 12 grams
KMriOi to 2030 cc. water. Ice. =10mg. Fe. The same
solution may be used for lime, 1 cc. =5 mg. CaO; and for

Mn, 1 cc. = 0.002946 gram Mn.
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Phenolphthalein—The dry material is dissolved in alcohol,

5 grams per liter. The alcohol may have some acidity which
can be removed by boiling, or by redistilhition with Hme.
Cannot be used with ammonia or ammonium salts. Can be
used for' weak organic acids. Red with alkalis, colorless with
acids.

Platinic chloride—Dissolve 1 gram of metal in aqua regia,

evaporate to dryness, and dissolve in 1 cc. HCl and 9 cc. H2O.
1 gram of this solution precipitates 0.048 gram of K2O.

Salt solution—5.4189 grams per liter. 1.0 cc. = 0.01 mg.
of silver. The salt should be dried at about 125°C.

Silver nitrate— 1 gram per 20 cc. of water. 1 cc. precipitates
0.0104 gram of CI.

Sodium chloride—See salt solution.

Stannous chloride solution—Heat 15 grams SnClj and 1

gram pure Sn with 40 cc. water and 10 cc. cone. HCl. Keep
tightly stoppered as it readily absorbs o.xygen.

Starch paste—Rub 2 or 3 grams of starch with cold water to

a smooth paste which is then added a little at a time to 400 or
500 cc. of boiling water into which it should be thoroughly
stirred. After several minutes remove from heat and dilute

(if necessary) to 600 cc. and add 5 grams of crystalhzed zinc

chloride. Stir until the zinc salt dissolves, then allow to cool

and settle. Decant and bottle the clear liquid for use.

Tannin—for use as indicator in lead assay by titration with
ammonium molybdate. Dissolve 1 gram of tannin in 300 cc.

water.

COMMON NAMES AND THEIR CHEMICAL
EQUIVALENTS

Alum—usually the potassium-aluminum sulphate KAl(SO«)a
I2H2O is meant.

Argols—potassium bitartrate.

Bilking soda—sodium bicarbonate.
Bleaching powder—CaOClj.
Bluestone—copper sulphate, CuS04-5H20.
Calomel—mercurous chloride, Hg2Cl5.
Copperas—ferrous sulphate, FeSOi-SHjO.
Corrosive sublimate—mercuric chloride, HgCU.
Epsom salts—magnesium sulphate.
Eschka's mixture—magnesium o.xide and sodium carbonate.
Glauber's salts—sodium sulphate.
Green vitriol—ferrous sulphate.
Marignac's salt—potassium stannosulphate, KjSn(S04)j.
Microcosmic salt—sodium-ammonium-hydrogen phosphate,

HXaXH^POi^H.O.
Minium—red lead, Pb304.
Mohr'ssalt—FeS04(XH4)2S04-6H20.
Muriatic acid—hydrochloric acid.

Oil of vitriol—sulphuric acid.

Orpiment—yellow arsenic glass.

Plaster of Paris—dehydrated gypsum, CaS04.
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Realgar—red arsenic glass.

Rochelle salts—potassium-sodium tartrate, KNaC4H406-
4H:0.

Salt of Amber—succinic acid.

Sal am.moniac—ammonium chloride, NH4CI.
Salts of lemon—acid potassium oxalate, HKC2O4.
Salt cake—the residue from nitric-acid making, impure

HNaS04.
Sal soda—sodium bicarbonate.
Scluff's reagent—ammonium thioacetate solution, CH3-

COSNH4.
Seidlitz powders—35 grains of tartaric acid and a mixture

of 40 grains of sodium bicarbonate with 120 grains of potassium
and sodium tartrate.

Soluble water-glass—sodium silicate, NaoSiOs.
Sorensen's oxalate—sodium oxalate.

Sugar of lead—lead acetate.

Washing soda—sodium carbonate.
White vitriol—zinc sulphate, ZnS04-5H20.

The Preparation of Proof Gold^

The purest gold which can be obtained (usually assay
cornets) is dissolved in aqua regia and the excess of nitric

acid expelled by repeated evaporation with additional hydro-
chloric acid on a water bath. The final solution is then poured
in a thin stream into a large beaker full of distilled water, pro-
ducing a solution of about 1 oz. of gold per pint of water. Stir

vigorously and leave the solution to settle. At the end of

about a week the chloride of silver will have subsided to the bot-
tom. Remove the clear supernatant liquor with a glass siphon
and dilute to about 1 oz. of gold per gallon of water. If the
gold originally used was free from platinum, precipitate with
sulphurous acid; if platinum was present, precipitate with oxalic

acid. Sulphurous acid acts almost immediatelj^ but if oxalic

acid is used the solution should be warmed and allowed to

stand for 3 or 4 days.
After the precipitated gold has settled the acid solution is

siphoned off and the gold transferred to a large flask and re-

peatedly shaken with cold distilled water, closing the mouth of
the flask with a watch-glass. The gold is then washed thor-
oughly with hot water and turned out into a porcelain basin,
dried and melted in a clay crucible and poured into an iron
mould, which should be neither smoked nor oiled, but rubbed
with powdered graphite and then brushed clean with a stiff

brush. The ingot is cleaned by brushing and heating in hydro-
chloric acid. It is then dried and rolled out. The rolls must
be clean and bright and free from grease. The surface of the
rolled gold plate is then cleaned by scrubbing with fine sand and
ammonia, and also with hydrochloric acid, and is scraped with
a clean knife before being used for proof in the bullion assay.

>T. K. Rose, "Metallurgy of Gold," fifth edition, p. 488.

21
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Another method is given in the Memorandum by the Assayers
of the Melbourne Mint, in the "Annual Report of the Mint,"
19i;i, p. 138. Cornets of gold, derived from the metal obtained
by reduction with sulphurous acid, and containing 0.1 per cent,

of impurity (cliiefly Ag), were treated with cold aqua regia

(4:1), the solution largely diluted and allowed to stand for a
week to efifect separation of silver chloride. Three successive
quantities of a dilute solution of silver nitrate (containing
Ag 0.5 grain) were then added at intervals of 3 days, the surface
of the hquid being gently stirred after each addition, and the
whole was allowed to stand for 14 days. Any iridium or other
impurity suspended in the liquid was entangled in the pre-
cipitated silver chloride; the clear solution was siphoned off,

evaporated to dryness and ignited in porcelain; the sponge gold
fused in a clay crucible with potassium bisulphate and nitrate,

borax added, the melt allowed to cool, the cone of gcjld treated

with boiling hydrochloric acid to remove adhering slag, placed
by hand upon borax-glass contained in a clay crucible within a
large, covered guard-pot, and melted under conditions preclud-

ing contamination of the metal by furnace dust. A slow
current of chlorine was then passed through the molten metal
for 1 hour, the gas being conducted through a clay tube (3>^-in.

bore) by which the gold was continuously stirred. The charge
was allowed to cool in the crucible, the cone of gold treated

with boiling hydrochloric acid and finally rolled (with special

precautions against contamination) into a fillet \yhich was also

treated with boiling acid. The original gold weighed 21.5 oz.,

the finished fillet 21.28 oz., and 0.204 oz. was subsequently
recovered from the slag.

The Preparation of Proof Silver

Dissolve commercial fine silver in dilute nitric acid (1 :1),

and allow the liquid to stand until any fine gold has settled.

Siphon off from the gold, dilute with hot water, precipitate the

silver with hydrochloric acid, stir well, allow to settle, and wash
thoroughly by decantation. When the decanted liquid no
longer shows hj'drochloric acid, which can be ascertained by
testing it with a little silver nitrate, it may be considered clean.

Allow the silver chloride to settle and decant off the solution.

Transfer the silver chloride to a porous cup which has been
soaked in hydrochloric acid and thoroughly washed afterward

by standing in frequently changed distilled water. A cathode
of pure silver or platinum is placed in the silver chloride and the

porous cup immersed in a deeper one, in which a carbon anode
is placed. Then a current is started, and silver chloride begins

to reduce at the cathode. The outer liquid will become satu-

rated with chlorine and should be renewed from time to time.

The silver may then be melted down and rolled as given above
under the head of gold. Another method is to use the best

obtainable fine silver melted into the form of a cathode about
6 or 8 in. long, about 2 in. wide and ^i to H in. thick. Wrap
this in filter paper so that no gold can be detached under



SAMPLING, ASSAYING AND ANALYSIS 323

electrolysis. The electrolyte is about a 4 per cent, solution of

silver nitrate slightly acidulated, and the cathode is pure silver.

The current density should be such that the silver is deposited
in the form of crystals, which should be later removed, melted
and cast, although these crystals may be used themselves in

the bullion proof. Still another method of preparing fine silver,

due 1 believe, to A. E. Knorr, is to prepare a solution of silver

nitrate from the best commercial fine silver obtainable (mat erial

which is already 999 fine) evaporate to remove the excess of

nitric acid, and to the neutral solution add enough sodium
carbonate to precipitate about one-tenth of the silver present.
Boil the precipitate and solution thus produced for some time.
The silver carbonate first formed precipitates all other im-
purities. Allow to settle, decant carefully (or filter).

The remainder of the silver is then precipitated by chemically
pure sodium carbonate. This precipitate carries down a
considerable amount of sodium carbonate, but when the
material is melted down all of the sodium carbonate comes to

the surface as a slag, and can be dissolved ofT with hydrochloric
acid later. The silver carbonate will decompose without the
addition of any other reagent if heated sufficiently. The bar
produced in this way should be, as said above, cleaned with
hydrochloric acid and then rolled, as given above under the
head of the preparation of proof gold.

Assay Fluxes

Basic.—Sodium carbonate (Na2C03)—^best used in the anhy-
drous form.
Sodium bicarbonate (HNaCOs)—less convenient than the

above as it carries much less soda for the same bulk.

Potassium carbonate (K2CO3)—a mixture of sodium and
potassium carbonates fuses at a much lower temperature than
does either one alone.

Litharge (PbO)—forms exceedingly fusible silicates. Gives
metallic lead with reducing agents, C, S, etc.

Red lead (Pb304)—same as above, but is more of an oxidizing
agent. Carries silver into slag unless completely decomposed.
Lead peroxide (Pb02)—still more energetic oxidizer.

Hematite (Fe203)—extremely infusible and must be reduced
with carbon in presence of silica in order to work as a flux.

Lime (CaO)—when used with silica and some other base it

forms fusible slags.

Sodium hydrate (NaOH)—used chiefly to decompose
sulphides and sulphates, certain silicates and oxides, and organic
compounds.

Acid.—Borax (Na2B407)—should be fused before use to
render it anhydrous. Has the property of holding almost all

oxides in suspension.
Silica (Si02)—occasionally used with basic ores to lessen

corrosion of crucibles. Better to use glass which carries about
80 per cent. Si02.

Glass—see silica.
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Neutral.—Fluorspar (CaFj)—is extremely fusible, and
readily carries phosphates, etc., in suspension.
Common salt—also very fusible but does not dissolve

infusible substances readily. Is mainly used as a cover to

prevent oxidation of the charge underneath.
Metallic.—Iron—often used in the form of nails to take

care of sulphur.
Lead—used in scorification assay both as a collector of the

precious metals and, as it oxidizes, to take care of the gangue.
in the crucible assay it is reduced from some oxide as a collector.

Oxidizing.—Niter (KNO3 or NaNOa)—at about red heat
niter decomposes into potassium nitrite and oxygen, KNO3 =
O + KNO;, at a higher temperature the nitrite also decom-
poses, 2KNO2 = K2O + 2N0 + O.
Lead peroxide (see under basic fluxes).

Manganese dioxide—must be used with some other base, and if

any remains undecomposed it appears to carry silver into the

slag-

Sodium peroxide—extremely energetic and forms very fusible

slags. Especially good in decomposing tin ores, and sulphides,

antimonites, etc.

Approximate Reducing Effect of Various Reducing Agents*
Quantity of lead in grama

Reducing agent reduced from litharge^ by
1 gram of reagent

Wood charcoal 22-30
Powdered hard coal 25
Powdered soft coal 22
Powdered coke 24
Argol (crude tartar) 5 -9.5
Cream of tartar 4.5-6.5
Wheat flour 10.0-12.0
Starch 11.5-13.0
Sugar 12.0-14.5
Potassium cyanide 6
Antimonite 6
Blende 7-8

Copper pyrites 7-8

Fahlerz 7-8

Galena 3

Iron pyrites 11

Mispickel 7-8

In Assay Ton Charges

6 per cent. FeS reduces a lo-gram button.

8 per cent. ZnS reduces a 15-gram button.

7 per cent. CuFeSz reduces a 15-gram button.

13 per cent. CU2S reduces a 15-gram button.

20 per cent. PbS reduces a 15-gram button.

> For amount of lead reduced from red lead multiply the factors given

by 0.55.
, „

» E. A. Smith's, "Sampling and Assay of the Precious Metals.
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Oxidizing Agents (Wet)

Ammonium Nitrate.—Readily decomposes on heating.

Bichromates.—Usually used as the potassium salt.

Bromine.—Usually used as liquid.

Chlorine.—Generated from bleaching powder and sulphuric

acid.

Chromates.—Usually used as the potassium salt.

Chlorates.—The sodium or potassium salt is used both in

fusion and solution.

Hydrogen Peroxide.—A powerful oxidizer both in alkaline

and acid solution.

Nitrates.—The sodium, potassium and ammonium salts are

used.
Nitric Acid.—An extremely powerful reagent. The fuming

acid is still more so and should be kept in a cool, dark place and
handled carefullj-.

Permanganate.—The alkali-metal permanganates are ener-

getic oxidizers both in acid and alkaline solution.

Peroxides (See also Hydrogen Peroxide).—Sodium and potas-

sium peroxide are energetic agents in alkaline solution. The
barium, manganese, lead and sodium peroxides are often used
advantageously in fusion.

Reducing Agents

The chief reduction agents in fusions have been spoken of on
p. 308. In solution we may use:

Alkaline.—Sodium amalgam, zinc dust, sodium sulphite,

sugar, arsenious acid, sodium stannite.

Acid.—Zinc, iron, tin, aluminum, lead, stannous chloride,

sulphur dioxide, sulphuretted hydrogen, hypophosphorous acid,

oxalic acid, ferrous sulphate.

Niter Required to Oxidize 1 Part of Metallic Sulphide

Sulphide

Iron pyrites
Mispickel, copper pyrites, fahlerz, blende.
Antimonite
Galena

Stock Fluxes

Parts niter to 1 of

sulphide

2 -2\i
iM-2



326 METALLURGISTS AND CHEMISTS' HANDBOOK

O

- C 3 ^
•
=

—.-3 S— i— 2 < «>

"ii On S O OJl'rJ;
g|0 ^2 Kt— 0-— aacs,
5 i a"^ ''••S^iii c a a

«; -J c = - = s^^^
X t. 5 ^^ K w c; c y o t,

>*H <—

'

^-* f* Oct)

jaA03

z«Joq suitsJQ

uoji JO docj

]03jC StPBJQ

tQtS sniBJO

•ONH Bni«-iO

SOIBjr)

«00«\'H

xng
p83J BtnBJQ

9JO -jy

o X o o

;

ii « TO

o ^;5 a^_CH 2
— S £ s s 3! 2— t
S § 2 - .=^ S 2 a

t o c 3 2 g;:s 000

J J <«
s s t

•S .
"

3 3
O O

>. I. = s

i-CO
- £ o - -

?5 S- -rrs

•a

O o

So-

o
*' Ooo

.a

cr

bo

5^-

S "

08 "J

£'33

o a S5S5
•w OD < <

3 p o

OS - "



SAMPLING, ASSAYING AND ANALYSIS 327

Cupel Absorption

A safe table for cupel absorption of lead buttons is given in

Ernest A. Smith's "Sampling and Assay of the Precious
Metals,

'

' if there is no great departure from a ratio of height to

diameter of 3 : 4.

Diameter of cupel, in H H 1 l^i Wi \^i U^ \%
Absorption in grams 3 5 8 10 16 20 28 40

As to the cupel absorption of silver and gold, it seems unsafe
to give any tables, as this varies with the nature of the material
cupelled, the temperature, whether induced draft is used or
not, and many other factors. It seems fairly safe to say that a
small silver button will lose about 2 per cent., that at 100 mg.
the loss will be about 1.5 per cent, and less for larger buttons,
and that the gold loss will probably not run over 0.5 per cent.,

but these figures must be taken as approximations only. It

must also be remembered that not all of the button remaining
in the cupel is gold and silver. 1 have usually found about 0.3

per cent, of Pb and Bi as impurity in the silver button; with
cement cupels I have found as much as 0.8 per cent. Pb and Bi.

The factor is usually neglected in working on comparative tests

on different cupels, although both Dewey and 1 have repeatedly
pointed it out.

W. J. Sharwood states {Trans. A. I. M. E., 1915, page 1484)
that "when a given amount of silver (or of gold) is cupeled
with a given amount of lead, under a fixed set of conditions as

to temperature, etc., the apparent loss of weight sustained by
the precious metal is directly proportional to the surface of the
button of fine metal remaining." From this he deduces that
'the loss of weight varies as the % power of the weight, or as

the square of the diameter of the button. The percentage loss

varies inversely as the diameter of the button, or inversely as

the cube root of the weight." This means that, if we run proof
assays of any weight whatever, we can deduce the loss of a
button of any other weight.

Lead Retained in the Cupellation of Platinum Allots^

Composition of alloy
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Parting of Gold-Silver Alloys in Nitric Acid' after
h. c.\rmicuael^

Weight
mj
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Solubility of Platinum-Silver Alloys in Nitric Acid of
1.10 Sp. Gr. (Thompson and Miller's Table)i

Composition of alloy
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avoided. The finished crucibles are smooth, homogeneous and
strong and may be safely handled and may even be worked on
the lathe. Tubes may be made in the same way.'

Analyses of Graphite Crucibles*

1

1 1
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Size-Weight Ratio in Sampling^

largest
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Coal Sampling!

Size of Slate Contained in Coal, and Size of Griginai-
Sample Required to iNsrui: tiie Euuou of Sampling

Being Less Than 1 Per Cent.

Size of slate, inches
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Whether the grinding be done by machinery or by hand, this

introduction of foreign matter in grinding can be cut down
greatly by the use of manganese- or chrome-steel grinding
plates.

It is impossible to determine the amount of this contamina-
tion with a magnet, for the reason that too much coke dust will

adhere to the iron filings. It is necessary to treat the sample with
a neutral copper-sulphate solution, agitate thoroughly, filter

and wash the residue with hot water until entirely free from
soluble copper salts. This residue is now dried and ignited and
the ash tested for copper or the coke treated directly with nitric

acid to dissolve the copper. The weight of copper precipitated

by the iron in this process is then calculated from the ratio of

their respective atomic weights.

This method will not answer for the determination of any
foreign material introduced by pebble mills, but is very effectual

where the grinding surfaces are of iron. It may be objected
that the original ash of the coke may have contained some iron

which has been reduced to the metallic state by the red-hot
carbon of the coke during the coking process. In answer to this

argument, any iron in the coke is probably present as ferrous

oxide and combined with silica to form ferrous silicate (FeSiOs).

But in any event the objection is not valid, because if the coke
sample is crushed in a silica-pebble mill or in an agate mortar,
the iron in the coke does not react with neutral copper-sulphate
solution.

Limit beyond Which Samples Should not be Divided
WHEN Crushed to Different Sizes in Laboratory

Size of coal mesh Should not be divided to less than,
grama

2
4
8

10
20

8300
1100

J.- I Should be pulverized

Q I to at least 60 mesh.
•J

J

ETCHING REAGENTS AND THEIR APPLICATIONS^

Etching Reagents for Iron and Steel

Copper-Ammonium Chloride.—Usually consists of a 10 per
cent, solution of the salt in water, and is suitable for wrought
iron and mild steel. The specimen is immersed in the solution
for about 1 minute, then washed, and the copper deposit, which
is readily detached, wiped off under running water. This
reagent is used for deep etching effects, and also to darken parts
rich in phosphorus.

Copper Chloride.—Dilute acidulated copper chloride in

' O. F. Hudson, "Iron and Steel Institute," March, 1915.
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alcohol is used b)- Stead to detect phosphorus in steels. The
reagent is made up as follows:

Copper chloride 10 grains.
Magnesium chloride 40 grams.
Hydrochloric acid 20 cc.

The salts are dissolved in the least possible quantity of water,
and the solution made up to 1000 cc. with alcohol. The purer
portions of the steel become coated with copper before the
phosphoric portions.

Hydrochloric Acid.—A dilute solution (1 per cent.) in ethyl
alcohol is generally used. Hoyt (c) writes that a solution of 1

cc. hydrochloric acid (sp. gr. 1.19) in 100 cc. absolute alcohol
" is recommended for all the iron-carbon alloys whether in

a hardened or annealed state," while the action can be ac-
celerated (for special steels) by the addition of a few cubic centi-
meters of a 5 per cent, solution of picric acid in alcohol.

Iodine.—The ordinary tincture should be used. A simple
solution in absolute alcohol is not so suitable. The specimen
may be immersed in the solution, or a drop or two placed on the
surface to be etched, and allowed to remain until decolorized.

Nitric Acid.—Until the introduction of picric acid, a dilute
solution of nitric acid was the principal etching agent for iron
and steel, and it is still often used. Solutions (up to about 5 per
cent.) inwater, or, preferably, alcohol, are generally used. When
alcohol is the solvent, absolute alcoliol should be used for wash-
ing the specimen, and not water. Lantsberry (c), who always
uses nitric acid for steels, points out that the success of the
method depends on thoroughly washing the specimen with
alcohol and drying at once, and that the surface should never be
moistened with water.

Saitveur (c) writes that for all grades of steel, wrought iron,

and pig iron, regardless of treatment, he uses solutions of con-
centrated nitric acid in absolute alcoliol, in proportions varying
between 1 and 10 per cent, of acid, according to requirements.
He prefers it to picric acid. The .samples are washed in ab-
solute alcohol and dried by means of an air-blast. For man-
ganese steel he uses 10 per cent, nitric acid in absolute alcohol,

leaving the specimen in the bath until it is covered with a black
deposit. It is then washed in alcohol, without any attempt at

removing the deposit by rubbing.
Howe (c) uses a solution of 2 per cent, of concentrated nitric

acid in water for hardened steels, manganese steels, etc., and
also occasionally to develop grain boundaries quickly in low-
carbon material, although he notes that it roughens up the

ferrite much more than picric acid. He recommends a pre-

liminary treatment for the removal of grease, using "alcohol,

hydrochloric acid in alcohol, or, best, picric acid in al(;ohol."

A 4 per cent, solution of nitric acid in iso-amyl alcohol (as

suggested by Kourbatoff) is also used, and gives a slow and
delicate etching.

(c) Information tpecially communicated for this paper.
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Picric Acid.—This reagent, introduced by Ischewsky, is the
one most commonly used, generally as a saturated or nearly
saturated solution in alcohol. The specimen is immersed for
times varying with the kind of steel and the effect desired, from
a few seconds for light etching of ordinary rolled or annealed
steels and cast irons, to several minutes for hardened steels and
wrought irons. Picric acid is sometimes used in conjunction
with nitric acid. Thus Desch (c) recommends for all ordinary
(unhardened) steels alcoholic picric acid to which a few drops of

nitric acid have been added. A solution of picric acid in amyl
alcohol is also used for a slow etching. L. Archbutt (c) also

finds it "an advantage to add a small quantity of nitric acid,

which gives greater certainty of etching, especially in cold
weather." The solution he uses contains 80 vols, of picric acid
in alcohol and 20 vols, of 2 per cent, nitric acid in alcohol.

RosEXH.\ix's and Hatjghton's Reagent consists of:

Ferric chloride 30 grams
Hydrochloric acid (cone.) 100 cc.

Cupric chloride 10 grams
Stannous chloride 0.5 grams
Water 1000 cc.

It is used for determination of the distribution of phosphorus
in steel, the purer portions of the steel being stained by deposi-
tion of copper, leaving the phosphorus-rich portions white.
Of the numerous other reagents some are used for special

purposes, such as sodium picrate, for the detection of cementite;
while others are more or less complicated solutions, such as
Kourb.\toff's reagent, consisting of 3 vols, of a saturated
solution of o-nitrophenol in alcohol and 1 vol. of a 4 per cent,

solution of nitric acid in alcohol, used for the determination of

troostite and sorbite in hardened steels.

Electrolytic Etching

This method is of great value in special cases. Generally a
solution of a neutral salt is used as the electrolyte; the specimen
is made the anode and a piece of platinum foil the cathode. A
feeble current of a small fraction of an ampere is used. Desch
(c) finds that etched figures in brasses, etc., are most perfectly
developed by electrolytic etching, using a 5 per cent, sodium-
chloride solution and a platinum cathode with two dry cells.

Other electrolytes used are ammonium nitrate, sodium thio-
sulphate (used by Le Ch.a.telier for copper-tin alloys),

ammonia, and sometimes verj- dilute acid solutions.

For Monel metal, L. Archbutt (c) "obtained very good
results by electrolytic etching in a solution containing 4.5 cc.

dilute sulphuric acid (1:3) and 5 cc. hydrogen peroxide solution,

using a current of 0.1 amp. and 0.5 volt, etching for about 50
seconds. A slight staining of the specimen was subsequently
removed by light rubbing with a dilute solution of bromine in

hydrochloric acid." Constantan was etched in a similar way,
"but stains were removed by using a mixture of dilute sulphuric
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acid and hydrogen peroxide and rubbing with the finger."

RosENHAix (,c) has also found that electrolytic etching is useful

for nickel-copper alloys.

Polish Attack.—Used with such success by Osmond and it

is one which, if not always applicable, is not adopted as widely

as it should be. The objections which appear to be urged
against the method are (a) the difficulty of getting uniformly
good results, and (6) the danger of obscuring the structure by
the flowing action of polishing. Neither of these objections

need, however, be serious; the former is overcome by experience,

while the latter is probably largely imaginary, unless altogether

unnecessarj' pressure is used. The procedure which has been
found suitable for copper and its alloys has already been de-

scribed in dealing with ammonia as an etching agent. For steels

Osmond used a very gentle etching reagent, such as a 2 per cent,

solution of ammonium nitrate with precipitated calcium
sulphate in parchment, but this method is not now so often used.

The author, however, for iron and steel, makes use of parchment
thoroughly soaked in water on which a paste of precipitated

calcium sulphate is spread. The specimen is then alternately

lightly etched with picric acid, and rubbed gently for a few
seconds on the parchment. Frequently also it is found to be an
advantage to etch the specimen lightly, then polish very gently

with alumina and re-etch, repeating if necessary.

GwvER (c) finds that polish attack is sometimes very effective

for light aluminum alloj-s, "for example, in bringing out the

structure of the iron-aluminum eutectic. For this washed and
ignited magnesia is required, the polishing being done on parch-

ment kept moistened with very dilute caustic soda solution."

GuLLrvER (c) notes that sometimes a good polish attack may
be obtained with water alone, although not if the pad is new.

He found, for example, that polish attack with water alone was
defective in the case of bismuth-tin alloys.

Heat-tinting.—.\lthough not perhaps, strictly speaking, an
etching process, heat-tinting is a valuable and widely used

method of revealing the structure of alloys, and especially for

the detection of small differences in concentration of solid

solutions. It consists in heating the specimen until a tliin film

of oxide is formed on the surface, differences in composition

giving rise to variations in thickness, and hence variations in

color of the film. Stead used it with great advantage in study-

ing phosphoric cast irons and alloys of iron and phosphorus,

and showed that by its use phosphide and carbide of iron could

readily be distinguished, while Heycock and Neville proved

its value in their work on the copper-tin alloys. Stead has

also applied the method to the determination of the distribution

of phosphorus in steel. In a paper on "Metallographic Methods
for the Detection of Phosphorus in Steel," read before the

Cleveland Society of Engineers in December last, Stead gives

details of the heat-tinting method suitable for this purpose.

The specimen is floated on a bath of molten tin at a temperature

of about 300°C., and allowed to remain until the whole surface
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has a reddish-brown color. On examining the specimen, the
portions richest in phosphorus will be detected bj' their blue
color, since the parts which are richer in phosphorus than the
surrounding metal become colored more quickly. The pre-

liminary treatment of the specimen before it is raised to the
tinting temperature is important. Washing with a 1 per cent,

solution of picric acid in alcohol is recommended, and the surface

should always be "cleaned by rubbing with a clean piece of

linen or cotton. The specimen is heated to about 150°C., and
then rubbed with a clean piece of chamois leather while still hot."
It is then immediately' raised to the tinting temperature.

Instead of heating in air, and obtaining a colored oxide
film, Stead has shown that other atmospheres maj' be used,

such as sulphuretted hj'drogen or bromine. The use of an
atmosphere containing bromine for the examination of Muntz
metal has been described recently by Stead.
Heat-tinting appears to require considerable experience in order

to obtain consistent results, and the author, among others cannot
rely upon it to be uniformly successful. The following is a sum-
mary of the principal reagents for particular metals and alloys.

Etching Reagents Suitable for Particular Metals and Alloys

The following list gives the principal reagents which have
been found especially suitable for different metals and alloys:

Copper,—Ammonia (.sp. gr. 0.88, diluted 1:1 with water),
ammonium persulphate (10 per cent, aqueous solution),

bromine (followed by a wash with ammonia), copper-ammonium
chloride (5 grams of copper-ammonium chloride in 100 cc. of

water, add ammonia until precipitate just di.ssolves).

Brasses.—Ammonia, ammonium persulphate, copper-am-
monium chloride, electrolj'tic etching, ferric chloride (slightly

acidulated with HCl), chromic acid (saturated or nearly satu-
rated solution), nitric acid (strong acid, followed by water),
Tinofeef 's reagent (94 grams HNO3 and 6 grams Cr203, a few
drops are used in 50 cc. of water).

Bronzes.—Ammonia, ammonium persulphate, ferric chloride.

Copper-Aluminum Alloys (Aluminum Bronzes).—Ammonium
persulphate, ferric chloride, copper-ammonium chloride, nitric

acid.

German Silver.—Ammonium persulphate, ferric chloride.
Nickel-Copper Alloys, Monel Metal.—Electrolytic etching.
Gold and Rich Gold Alloys, Platinum and Its Alloys.

—

Aqua
regia (dilute, 1 part HNO3, 5 parts HCl, 6 parts distilled water,
used at 15°C.).
Aluminum and Light Aluminiun Alloys.—Caustic soda,

hydrochloric acid, hydrofluoric acid (1 part fuming HF to 10
or 20 parts of water, clear after treatment by a few second's
immersion in HNO3).
Lead, Tin and Their Alloys (White Metal, etc.).—Chronaic

acid in nitric acid, ferric chloride, hydrochloric acid, nitric acid,

silver nitrate (5 per cent, solution).

Zinc and Alloys Rich in Zinc.—Caustic soda, iodine (1 part
iodine, 3 parts Kl and 10 parts water).

22
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Gravimetric Factors
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Gravimetric Factors
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Gravimethic Factors
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Gravimetric Factors
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Gbavimetric Factors
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Gravimetric Factors
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SECTION VI

ORE DRESSING

CRUSHING
Stamps, Chilean mills and rolls are used for coarse crushing;

feed generally not over 2 in. and discharge screen about 35 to 40
mesh. The roll makes less fines in the product than either of

the others. Hardinge mill is a stage crusher; feed about % in.

product uniform fine sand with but little slime; Huntington
mill, regrinding machine; best feed not over 3'i in. makes con-
siderable slime. Tube mill is best and only logical fine grinding
machine.
Abb6 Tube Mill.—The original Abbe gear-driven mill was

supported on a pair of riding rings. The distinguishing feature
was a spiral of Archimedes through which the ore was fed and
discharged. Tube mills now supported either on riding rings
or trunnions. Early tendency was toward long mill of small
diameter, 22 ft. by 33'^ ft., now changing to 5 and 6 ft. diameter
and 16 to 18 ft long. Grinding effected by flint pebbles fed
into mill. (See Ball mill.)

Amalgamating Pan.—This is a flat-bottomed iron pan with an
iron cone in the center, with high sides, nearly or quite vertical,

and in it a horizontal, annular disk, called a muUer, is revolved.
Many authorities claim that this should not be used as a grinder,

but only as an amalgamator. From 3 to 5 hp. is needed for

amalgamating, and 5 to 10 hp. for grinding in a 5-ft. pan.
Arrastre.—A machine having horizontal surfaces grinding

concentrically on a vertical shaft. In its original form it

consists of a circular pavement from 6 to 20 ft. in diameter
with a retaining wall around it and a step in the center. Upon
the step stands a vertical revolving spindle from which extend
horizontal arms, to which large boulders, called dragstones, are
attached by chains.

Ball Mill.—Short tube mill (q.v.) of relatively large diameter
in which grinding is done by steel balls instead of pebbles.
Wet grinding with steel balls formerly considered unwise due
to excessive steel consumption now coming into favor.

Blake Crusher.—Original crusher of jaw type. Rock is

crushed between two jaws set at an angle to each other, one
fixed and the other swinging from top suspension rod. Motion
imparted to lower end of crushing jaw by toggle joint operated
by eccentric. (See also Dodge crusher.)
Bryan Mill.—A form of Chilean mill using three rollers instead

of two. The wear seems a little more even in this type of mill
than in the Huntington or the regular Chilean.

355
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Chilean Mill (Edge Runner).—These mills have vertical rollers

running in a circular enclosure with a stone or iron base or die.

They are of two classes: (o) those in which the rollers gyrate
around a central axis, rolling upon the die as they go (the true
Chile mill; (6) those in which the enclosvire or pan revolves, and
the rollers, placed on a fixed axis, are in turn revolved by the
pan. It was formerly used as a coarse grinder, but is now used
as a fine.

Dodge Crusher.—Similar to Blake crusher (q.v.) except
movable jaw is hinged at bottom. Therefore discharge opening
is fixed giving a more uniform product than Blake with its

discharge opening varying every stroke, but this decreases
capacity.
Dodge Pulverizer.—A hexagonal barrel revolving on a

horizontal axis, containing perforated die plates and screens.
Pulverizing is done by steel balls inside barrel.

Edge Runner.—See Chilean mill.

FuUer-Lehigh Pulverizing Mill.—For coal dust pulverizing
only. Used by the Pennsylvania Steel Co., at Lebanon, Penn.
Gardner Crusher.—A swing-hammer crusher, the hammers

being flat U-shaped pieces hung from trunnions between two
disks keyed to a shaft. When revolved, centrifugal force

throws hammer out against feed and heavy anvil inside crusher
housing.

Griffin Roller Mill.—A centrifugal mill, like the Honting-
TON except there is one roller only (see "Huntington"). The
mill is consequently unbalanced and requires a very solid

foundation.
Gyratory Crusher.—Consists of a vertical spindle the foot of

which is mounted in an eccentric bearing. The top carries a
conical crushing head revolving eccentrically in a conical maw.
There are three types of gyratory : those which have the greatest

movement on the smallest lump; those that have equal move-
ment for all lumps; those that have greatest movement on
largest lump.

Hardinge Mill.—This is a tube mill made with two conical

sections connected by a central very short cylinder. The cone
at the feed end is very short so that the large pebbles settle and
grind at the large end where the feed is coarse.

Huntington Mill.—This operates by the centrifugal force

of steel rollers revolving against the inner surface of a heavy
horizontal steel ring or die. The rollers are suspended upon
rods from horizontal arms by short trunnions allowing a swing
of the rod and roller in a direction radial from the central

vertical shaft.

Kent Roller Mill.—This consists of a revolving steel ring

with three rolls pressing against its inner face. The rolls are

supported on springs, and the rings support the roll, so that

there is some freedom of motion. The material to be crushed
is held against the ring by centrifugal force.

Kinkead Mill.—This is a pan mill with a convex conical

bottom on which a muUer, having two surfaces of different
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Inclinations, grinds. The machine acts on the gyratory princi-

ple as regards crushing between the surfaces.

Jeffrey Swing-hammer Crusher.—In an iron casing a shaft

revolves carrying swinging arms having a free arc movement
of 120°. The rotation of the driving shaft causes the arms to

swing out and strike the coal or other brittle material, which,
when sufficiently fine, passes through the grated bottom.
Krupp Ball Mill.—This is the classic ball mill. Grinding was

done by chilled-iron or steel balls of various sizes which ground
against each other and the die ring, composed of five perforated
spiral plates, each of which lapped the next. This formed steps

which gave the balls a drop from one plate to the next, and in

addition, gave a space through which oversize was returned.
Outside the die-plate is a coarse perforated screen to take the
chief wear, while outside that come fine gauze screens. The fines

discharge through these into the housing inside which the screens
revolve and which has a hopper bottom.
Lane Mill.—A .slow-speed roller mill of the Chilean tj-pe. A

horizontal spider carrying six rollers revolves slowly in pan
10 ft. or more in diameter making about 8 r.p.m. Advantages:
great crushing weight, low power, decreased wear due to slow
speed.
Marathon Mill.—A form of tube mill used in the cement

industry, in which the pulverizing is done by long pieces of

hardened steel shafting.

Marcy Mill.—A ball mill in which a vertical diaphragm is

placed about 1 ft. from the discharge end. Between this

perforated diaphragm and the end of the tube there are ar-

ranged screens for sizing the material, oversize being returned
for further grinding while undersize is discharged.

Nissen Stamps.—This is a gravity stamp with an individual

circular mortar for each stamp.
Rolls.—Two cylinders, with faces much less than the diam-

eters, revolving toward each other, drawing the material in

between the crushing peripheries. One roll at least usually runs
in fixed bearings, the other mayor may not run in movable bear-

ings held by springs.

Roll Jaw Crusher.—Same general type as Blake and Dodge
iq.v.), but moving jaw has rolling instead of oscillating

motion.
Stamp Battery.—In effect a heavy iron pestle working

mechanically in a huge iron mortar. Generally grouped in

units of five per mortar. Stamps vary up to 2000 lb. in weight,

dropping 6 to 8 in. over 100 times per minute.
Sturtevant Balanced Rolls.—AU four boxes are movable and

held in position by springs. The idea is to divide the thrust

whenever the springs yield and, by dividing by two the distance

the roll must move, to reduce internal stresses.

Sturtevant Grinder.—A disk grinder in which one disk is

stationary and the other rotates. The stationary disk us

moved out of center from time to time, so that any groove which,

forms can be ground out.
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Sturtevant Roll Jaw Crusher.—A crusher in which the
motion of the upper part of tlie jaws is very like that of the
Dodge crusher, whiletholowerparts of the jaws, two cylindrical
surfaces of varying radii, grind the ore between them.

Sturtevant Ring-roll Crusher.—Works as does the Kent
roller mill, which see.

Symon's Disk Crusher.

—

A mill in which the crushing is done
between two cup-shaped i)latos which revolve on shafts set at a
small angle to each other. These disks revolve with the same
speed in the same direction and are so set as to be widest apart
at the bottoms. Feed is from the center and the material is

gradually crushed as it nears the edge, and is then thrown out by
centrifugal force.

Williams Hinged-hammer Crusher.—A machine similar to
the Jeffrey machine. There is a rotating central shaft carry-
ing a number of hinged hammers, which fly out from centrifu-
gal force, crushing the feed against the casing.

Crushing with Jaw Crushers

The jaw crusher is probably still the most popular method of
reducing the size of ore. A table is given below of what has
actually been done with jaw crushers, taken from Richard's
"Ore Dressing," but the ordinary table of manufacturer's figures

on crusher outputs, etc., is omitted for reasons given in part of
the general discussion by Milton H. Heller in the Engineering
arui Mining Journal, Feb. 27, 1915.
When it is observed that the material fed to crushers is for

the most part wet, as it comes from the mine, or dampened to
reduce the dust, it is apparent the water exerts a lubricating
action, which is further augmented should any clayey material
be present. This condition might at any time bring the co-

efficient of friction down to 0.2. Again using Richard's
formulas, the angle of nip would have to be 11° or under before
a bite would occur.

The great variety of shapes and sizes fed to a crusher, as com-
pared with the rather uniform product to the rolls, would indi-

cate that whereas a roll operating with an angle of nip of 16°

is just on the danger point, a cru.sher so operated would have
e.xceeded it. From this rea.soning it would appear correct that
the angles between the jaws of a crusher should not exceed 12°

to work near its utmost capacity.

By referring to the accompanying table, it is readily seen what
degree of reduction under present .standard measurements of

construction will bring the jaw angle about this limit:
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Degree of Reduction and Jaw Angle, Blake Crushers

Size of
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then, in the second case would be theoretically but one-eighth
of that in the first case.

With the smaller opening there would be a proportionally
larger amount of material that would have to be worked on, as

with a smaller opening the probability of more stuff being
smaller than that opening would be increased. This would have
an added effect in reducing the output. As an illustration of

how much this capacity reduction is underestimated, apply
the principles stated to the catalog capacity of a 15 X 24-

crusher:

Comparison' of C.\pacities

Approximate capacity for 24 hours

Break to Sin. 2i^ in. 2 in.

Tons 600 4S0 420

Theoretical

Break to Sin. 21.^ in. 2 in. l}i in.

Tons 600 347 177 75

An analysis of a catalog table will show the error of basing
estimates upon the figures given.

Approximate Capacity ix Tons per t>\y of 10 Hours

Sixe
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EsTiM.\TED Cost of Crushing by Jaw Crusher^

Size of mouth in inches
Tons crushed in 24 hours
Horsepower
Cost of breaker

Cost, cents per ton, oil

Cost, cents per ton, interest and
depreciation

Cost, cents per ton, power
Cost, cents per ton, labor
Cost, cents per ton, wear
Cost, cents per ton, repairs. . . .

,

Total coet, cents per ton

4 X 10
84
5

$275

0.021

0.106
0.773
4.762
0.815
0.462

6.939

7 X 10
120

8
$500

9 X 15 10 X 20
192 300
12 20

$750 $1050

0.021

0.135
0.865
3.333
0.815
0.462

5.631

0.021

0.127
0.811
2.083
0.815
0.462

4.319

0.021

0.114
0.865
1.333
0.815
0.462

3.610

13 X 30
540
30

$2250

0.021

0.135
0.721
0.741
0.815
0.462

2.895

EsTiM.\TED Cost of Crushing by Spindle Breakers^

Number of breaker
Size of mouth in inches
Tons crushed in 24 hours
Horsepower
Cost of breaker

Cost, cents per ton for oil

Cost, cents per ton interest and
depreciation

Cost, cents per ton, power
Cost, cents per ton, labor
Cost, cents per ton, wear
Cost, cents per ton, repairs

Total cost in cents per ton. . .

.

4 X30
72
3

$375
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"An ordinary mine wedge, 8 in. long by 4 in. wide by 2 in. thick

at the large end, when caught in 9X15-in. breakers, takes about
as long to work through as does a ton of ore. Moral—remove
the wood first.

So far as known, up to the date of writing, July 16, 1915,
the largest jaw crusher is one made by the Traylor Engi-
neering and Manufacturing Co., a 66 X 84-in. jaw crusher for

the Rockland Lake quarry of the Conklin & Foss Co. on the
west bank of the Hudson River just north of Nyack. This
crusher, described in detail in the Engineering and Mining
Journal of Mar. 27, 1915, is slightly larger than the jaw crushers
the Traylor company has previously supplied. The crusher
weighs about 520,000 lb. and is approximately 18 ft. high, 26 ft.

long and 20 ft. wide. The driving pulley is 12 ft. in diameter
and a 350-hp. Westinghouse MS motor will be used to drive the
crusher. Fourteen railroad cars were required to transport the
crusher from the shops to the quarry, where blockholing and
bulldozing will be practically eliminated by the imit.

Symon's Disk Crushers^

For the work of secondary breaking from a 3- to 5-in. size,

to approximately IJ^ in., the Symons disk crusher is now being
largely used, and has been adopted by the larger mining com-
panies such as Phelps, Dodge & Co., the Guggenheim com-
panies, the Anaconda Copper Co., and the Inspiration Copper
Co. Records of the Detroit Copper Co. at Morenci, Ariz., give

a life of 170,000 tons for one set of manganese-steel disks, which
are the main wearing parts, and cost about $300. The Federal
Lead Co., at Flat River Mo., obtained the low figure of 0.2 ct.

per ton for wear over a period of a year.

A test of capacity, power and size of the product of a 48-in.

disk crusher was made by David Gilmotjr, chief engineer for

the Guggenheim Exploration Co., with a view to determining
the advisability of using it instead of 72 X 20-in. rolls, and as a
result the disk crusher was adopted for the Chile Copper Co.,

at Chuquicamata, Chile. One of the tests was as shown
herewith

:

Test of Disk Crusher

Feed, 20 per cent. 4 to 6 in., 50 per cent. 2 to 4 in., 25 per cent.

1 to l}4 in. *
•

Crusher opening, \}^ in.

Product, 78 per cent. J^ to 13^ in., 22 per cent. 3^ in. and
smaller.

Capacity, 100 tons per hour.
Power, 29 to 47.9 hp.
It will be noted that the rated capacity for this crusher with

1 J^-in. product is 60 to 80 tons; the power from 50 to 65 hp., so
that the catalog ratings are conservative.

In a more practical way the advantages of the disk crusher
can be shown by a comparison of costs, which are available for

1 Julius I. Wile, "Tendency of American Milling Machinery Practice,"
"Eng. and Min. Journ." Apr. 17, 1915.
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1000-ton units for secondary breaking from S^^ into IJ^ in.

The accompanying estimate is based on the cost of power and
repairs only, with 8 hr. crushing and power taken at the low
figure of $50 per hp. per year, the average yearly tonnage being
350,000 tons. The estimate is given for both class A and class

B ores, and comparison is made between gyratories, rolls and
disk breakers.

Crusher Action on Various Ores—Class A
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m = ratio between diameter of the largest grain in crushed
product and that of the largest grain in the feed.

The theoretical capacity of the rolls is: — = C; where
1 /^o

P = peripheral speed in inches per minute, W = width of roll

face in inches, S = space between the rolls in inches, and C =
capacity in cubic feet per hour.

Size of Feed to Grv'E a 32° Angle op Nip on Different Rolls

Diameter of rolls

in inches
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Tube Mill Datai

Relation between Per Cent. Ore and Solution, Fineness of
Grinding and Horsepower

Screen Analysis of Sand Fed to Tube Mills, 12 ft. Long,
5 FT. Diameter

On 20 On 30 On 40 On 60On 80On 100 On 120On 150 Through 150
6.0 20.0 24.0 23.0 11.0 8.0 4.0 2.0 2.0

Vari.able Pebble
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Variable Solution", Fixed Pebble Volume and Ore Feed

Pounds,
pebble

Ore "1°^
feed,

I

°1^
inches 2rhr.

Tons
solu-
tion
per

24 hr.

On
,
On

60 100

I p Per
I
Indi-

On , Throughi . cent.,] cated
150 1 150 *^^^^- 8olu- ' horse-

I
tion power

20,000
20,00C
20,000
20,000
20,000
20.000
20.000
20.000
20.000
20.000
20.000

172
172
172
172
172
172
172
172
172
172
172

68.0
75.0
90.0
92.0
98.0
111.0
113.0
136.0
196.0
207.0
268.0

12.5 36.0 10.0
13.034.0 12.0
8.0 30.0 13.0
8.032.0 14.0
9.0;33.0 12.0

8.0J33.0J13.0
7.031.0 13.0
8.0.34.0 12.0
7.0 32.0 14.0
5.5 .30.5 13.0
8.0 32.0 12.0

41.5
41.0
49.0
46.0
46.0
46.0
50.0
46.0
47.0
51.0
48.0

71.43
169.56
65.67
65.20
63.78
60.70
60.44
55.71
47.10
'45.40
138.90

28.57
30.44
34.33
34.80
36.22
39.30
139.56
44.29
52.90
54.60
61.10

45.0
48.9
55.8
57.4
58.0
56.9
55.0
55.8
59.0
62.3
62.3

Work of Grixdixg Pax axd Tube Mill at Homestake^

5-ft. grinding
pans,

12,308 tons
ground by
7 pans

5 X 14-ft. tube mill

Regular
adjustment,
medium feed

Special
adjustment,
heavy feed

Total tons ground per day
Tons ground per day to
pass 200-mesh sieve
Water in feed, per cent.. .

19.34 per pan

10.83 per pan
80-90

73

43
38

110.0

52.8
38.4

Head Tails

Assay: gold value per ton.
Sizing test: per cent, on
50 mesh '.

. .

Through 50; on 80
Through 80; on 100
Through 100; on 200
Through 200
Tons ground per horse-
power per day at one
passage through grinder
To pass 100-mesh sieve..

To pass 200-mesh sieve..

S2.04 $2.49

18.0
49.0
17.0
11.0
5.0

$2.04

7.0
15.0
14.0
26.0
38.0

2.92
1.40
0.97

Material consumed
pounds per ton

] Iron, worn, 3.41
'} Iron, scrapped 0.82

J Total iron 4.23

Pebbles, 1.66 Pebbles, 1.30

> HoFMAN, "General Metallurgy."
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H.\RDiNr,E Mill D.\ta'

6 ft. by 8 ft. by
16-in.

I
22-in.

ball mill pebble mill

Average maximum size of feed, mm
Average size of feed, mm
Average maximum size of product, mm
Average size of product, mm
Average per cent, of —200 mesh in product
Average per cent, of —200 mesh in product, no slope.
Average per cent, of —200 mesh in product, 0.5 to
4 in. slope
Reduction ratio, range
Reduction ratio, average
Average size of product, no slope, mm
Average size of product, slope 0.5 to 4 in
Average tonnage
Average tonnage at no slope
Average tonnage at 0.5 to 4 in. slope
Average horsepower
Average charge, balls or pebbles, tons
Average ball or pebble consumption, pounds per ton.
Average relative mechanical efficiency
Average percentage of water in feed
Average revolutions per minute

44.5
9.0
6.0
0.37

28 /9«

7 to 67
39.6

203

35.06
4
0.51
53.2
60
28

9.7
1.26
1.5
0.14
37.0
44.3
31.6

6 to 15
8
0.10
0.17

110
85
128
35.6
4.5
1.94

20.5
58.7
27.8

' Trans. A. I. M. E.. July, 1915.
- Nos. 155 and 191 estimated.

Stamp Milling

Stamp order—Homestake 14 2 5 3
Stamp order—Brazil 15 2 4 3
Drops per minute—theoretical maximum on 9-in. drop—95.

Drops per minute—theoretical maximum on 8-in. drop

—

100 to 108.

Stamp Mill Duop.'^'

Length of
drop,
inches
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HORSEPOWER PER STAMP REQUIRED BY THE
5-STAMP BATTERY!

Height of Drop in Inches and Number of Drops per Minute

A. Nominal Horsepower to Raise Stamps without Fric-
tion

Weight of
stamp in
pounds
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B. Horsepower Applied to Cam-sh.\ft Pullet
(1.202 times A)

Weight of
stamp in
pounds
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C. Approximate Total Horsepower
(1.35 times A)

Weight of
stamp in
pounds
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Steam Stamps

The steam stamp is one in which a vertical stacip shaft is

forced down to strike its blow, and lifted up preparatory to

the next by means of a steam piston. The large ones are used
solely in the Michigan Copper Country. A small steam stamp,
the Tremain, built by the Gates Iron Works, has been devised
for treating gold ore, the idea being that they would be light

to pack for the capacity obtained, and could be quickly mounted
and dismounted.

Standard Mixing ScreexsI
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Tyler Standard Screen Scale

Ratio Vs or 1.414
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Sizes of Rouxd and Slot-punched Plate Screens

Needle number
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Bumping and Jerking Tables.—These machines use mechan-
ical agitation to brins the liglit and the heavy grains into their
respective hiyers on a washing surface, and they use a bumping
or jerking action to convey the heavy grains to one side or the
other of the machine, while the current of surface water conveys
the light grains to another side or end. They may be either
side-bump, having the bump or jerk at right angles to the flow
of the water, or end-bump, having the bump or jerk in the
opposite direction from the flow of the water. See Rittinger,
BiLHARZ, WiLFLEV, Bartlett and OvERSTROM for side-bump
tables. For further information see these tj^jes and "end-
bump" tables.

Canvas Tables.—These are inclined rectangular tables
covered with canvas. The pulp, to which clear water is added
if necessary, is evenly distributed across the upper margin. As
it flows down, the concentrates settle in the corrugations of the
canvas. After the meshes are filled, the pulp feed is stopped,
the remaining quartz is washed off with clear water, and finally

the concentrates removed (by hose or brooms).
Card Concentrator.—A table made of two planes having a

flexible joint between them dividing the table into two nearly
equal triangles, forming a diagonal line along which concen-

,

trates and tailings part company.
Conkling Magnetic Separator.—The ore is fed on a conveying

belt which passes under magnets, below which belts run at
right angles to the line of travel of the main belt. The magnetic

.

particles are lifted up against these cross belts and are thuS'
removed.

Deister Table.—This is a riffled table in which the angle;!

between the line of termination of the riffles and the direction

of motion is not so acute as in the Wilfley. It is also wider and
shorter. The top is rhomboidal.

Ding's Magnetic Separator.—Material is fed up a vibrating
conveyor and passes through successive zones of separation.
These zones are covered by the rims of rotating wheels which
carry secondary magnets. These carry the magnetic particles

out of the field, are demagnetized, and drop the concentrates
Dodd Buddie.—A round table resembling in operation a

Wilfley table, and also like the Pixder table (^.r.) except that it

is convex instead of concave. The table does not revolve but
has a peripheral jerking motion imparted to it circumferentially

by means of a toggle movement.
End-bump Tables.—The heavy and light minerals are sepa-

rated by agitation and are propelled up the slope of the table bj
bumping action, but the wash water carries down the surfacf

quartz at a higher speed than the bump can send it up. Th
Gilpin County, Imlay and Golden Gate concentrators are th
chief types.

Ferraris Table.—This table has a plane rubber belt travelini

between rollers furnished with broad flanges to keep the belt ii

line. It has a .slope from side to side. The feed is at an up
corner, and washing is by jets directed across the table.
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Film-sizing Tables.—These use the relative transporting
power of a film of water flowing on a quiet surface, which may be
either rough or smooth, to act upon the particles of a water-
sorted- product. The smaller grains, of high specific gravity,

are moved down the slope slowly or not at all by the slow under-
current; the larger grains, of lower specific gravity, are moved
rapidlj' down the slope by the quick upper current. These
tables may be classified as: Surface tables, from which the
products are removed before they have formed a bed, so that the
washing is always done on the same surface; and building tables

or buddies, on which the products are removed after they have
formed a bed.

Frue Vanner.—This consists essentially of a rubber belt

traveling up a slight inclination. The material to be treated is

washed by a constant flow of water while the entire belt is

meanwhile shaken from side to side. Other vanners of the side-

shake type are the Tulloch, Johxstox and Norbom.
Gates Canvas Table.—A large form of inclined canvas table

in which the pulp is first classified, then distributed along the
upper edge of the table. The concentrates are caught in the
warp of the canvas and after this is full, treatment must be
stopped while the concentrates are swept or sluiced off.

Grondal.—A magnetic separator consisting of a vertical

revolving cylinder made up of rings of cast iron with the spaces
between containing the wires for the electric current. Each
ring is so magnetized as to be a little stronger than the one
above. There is another cylinder of wood studded with soft

wrought-iron pegs, a ring of pegs being opposite each cast-

iron ring. The magnetic portion of the ore (usually crushed
below 12 mesh) is carried around on the cast-iron rings until it

gets near the pegs, to which it jumps because of their induced
magnetism. It is then carried on these pegs out of the magnetic
field and thrown off.

Hallett Table.—This is like the Wilfley except that the tops
of the riffles are in the same plane as the cleaning planes and the
riffles are sloped toward the wash-water side.

Hancock Jig.—A jig with movable sieve having both an
up-and-down and a reciprocating motion.
Harz or Plain Eccentric Jig.—One in which pulsion is given

intermittently with suction. The periods devoted to them are

about equal.
Huff Separator.—An electrostatic machine depending on the

repelling and attracting action of electrically charged particles.

The feed is passed over a roller, and the constituents take various
electrical charges according to conductivity and are repeUed
accordingly. This machine is superseding the old Blake type.

Isbell Table.—A table with a reciprocating motion in which
there is no cross wash water. The bed of pulp is deep as in a
jig, and heavy material goes to the bottom. The concentrates
and tailings are then split by means of a cut-out which can be
adjusted vertically to skim at any height desired. The riffles

make an angle of about 20° with the line of motion of the table.
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James Concentrator.—The table deck, is divided into twd
sections, flexibly joined together on a line oblique to the line of

motion of the table. One section is riffled for the coarse
material while the other section is smooth, to allow the settling;

of the fine particles which will not settle on a riffled surface. By
means of the joint, the slope of the sections can be varied
independently.

Johnston Vanner.—The chief difference between this and
a Frue iq.v.) is that the belt is given an undulating motion,
designed to prevent sands from piling up against the edges of the
belt.

Kieves.—These are strong tubs with sides flaring upward, in

which separation is effected by mechanical agitation m a deep
mass of thick pulp. Stirring paddles are used for preliminary
mixing, and hammers or heavy striking bars for the final separa-
tion. They are used to finish the concentration of fine products
that are nearl\- rich enough to ship.

Log Washer.—This is a slightly slanting trough in which
revolves a thick shaft or log, carrying blades obliquely set to the
axis. Ore is fed in at the lower end, water at the upper. The
blades slowly convey the lumps of ore uphill against the current,

while any adhering clay is gradually disintegrated and floated

out the lower end.
Overstrom Table.—A Wilfley squeezed out into a diamond

shape (rhomboid), thus eliminating the waste corners.

Pindar Concentrator.—A revolving table on which are tapering
spiral copper cleats on a linoleum cover. The tailings are

washed over the riffles and off the edge while the concentrates
are delivered at the end of the riffles.

Richard's Pulsator Jig.—An outcome of the pulsator classifier,

in which a pulsating column of water is used in the jig.

Rittinger Table.—A side-bump table with plane surface, using

a cam, spring and bumping po^t.

Spitzlutte.—This is a classifj'ing device consisting of a V-
shaped box, as distinguished from the pyramidal boxes of the

spitzkasten. Classification is dependent on the force of a stream
of water admitted at the bottom.

Sutton, Steele and Steele Dry Table.—A concentrator of the

Wilfley type in motion, but instead of using water, stratifica-

tion is by means of rising currents of air. The heavy grains are

pushed forward by the head motion, while the lighter grains

roll or flow down the slope toward the tailing side.

Triumph Concentrator.—This machine resembles a Frue
vanner (q.v.), but the shaking motion is endwise instead of side

to side.

Trough Washer.—This is used to float adhering clay or fine

stuff from the coarser portions of an ore. In its simplest form
it is a sloping wooden trough, 13'2 to2ft. wide, 8 to 12 ft. long and
1 ft. deep, open at the tail end, but closed at the head end.

Ullrich Magnetic Separator.—These machines have powerful

electromagnets of wedge section. The material is treated on

rolls on which magnetism is induced. They consist of alternate
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disks of soft iron and some non-magnetic material. The ore is

fed over the first roll, which removes the most magnetic material,

and the tailings go on to the second which is weaker, where a
second separation is made.

Vanner.—See Frue vanner for general description of the side-

shake type. There is also an end-shake type, which includes
the Triumph concentrator, Embry concentrator, and Wood-
bury vanner, and a gyrating type, the Ellis. A 4-ft. vanner
may take up to 13 gal. of water per minute and the weight of

water to dry sand may rise to 10.7: 1. The pulp bed may be as
much as 0.45 in. thick.

Wetherill's Magnetic Separator.—Parallel form. Two flat

belts, the upper of which is the wider, run parallel to each other.

The magnets are long and set obliquely to the belts. Conse-
quently magnetic particles are drawn up against the upper belt,

more diagonally out and as they pass beyond the influence of

the magnets, fall from the edge past the other belt into a con-
centrates bin. Another form operates by belts moving across
the line of travel of the main belt.

Wilfley Slimer.—A form of shaking canvas table which is

given a vanner motion.
Wilfley Table.—A side jerk table with a riffled surface. The

light and heavy grains are separated into layers by agitation,

and the jerking action then throws the heavy grains toward the
head end, while the light grains are washed down over the cleats

into the tailings box. The table tapers toward the head end,
and the riffles are progressiveh' longer toward the tailings side.

The DoDD, Cammett, Hallett and Woodbury are very like it.

Woodbury Jig.—A jig with a plunger compartment at the
head end, so that the material is given a classification in the
jig-

Woodbury Table.—A table of the general Wilfley-Over-
strom-card type, with the riffles parallel to the tailing side,

and a hinged portion without riffles (unlike the Card). The
table top is a rhomboid, and the riffles gradually shorten as
they near the tailings side.

CONCENTRATING AND CYANIDING MACHINERY

The following list .includes the most important types of con-
centrating and cyaniding machinery not already described under
crushing and concentrating equipment.

Akins Classifier.—A classifier of the free-settling type, in

which the heavy material is driven up an inclined plane by
means of an interrupted-flight screw conveyor.

Blalsdell Reclaiming Apparatus.—Apparatus for automatic-
ally discharging sand tank having a central bottom opening.
Consists of a central vertical .shaft carrying four arms fitted with
round plow di.sks. Sand is plowed toward central opening and
discharged on a conveyor belt.

Blaisdell Loading Machinery.—Apparatus for loading sand
tanks. Consists of a rapidly revolving disk with curved radial
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vanes. Disk is huag on a shaft in tank center. Sand dropped
on disk is distributed over the entire tank area.

Brown Tank.—.\s ordinarily used it is a cylindrical tank 45 ft.

high and L5 ft. in diameter, ending at the lower end in a 60'

cone. Within the tank is a hollow column about 15 in. in

diameter e.xtending from about IS in. of the bottom to within
about 8 in. of the top. A 13-^-in. air pipe discharges air upward
at and into the tube. The apparatus works on the air-lift

principle, the pulp in the tube being lightened by the air, flowing
upward, and being discharged at the top, more pulp flowing in

at the bottom to take its place.

Bunker Hill Screen.—A rotating screen shaped like a funnel.
Material is delivered inside the funnel, undersize passing
through the screen while the oversize is discharged through the
funnel neck.

Burt Filter.—This is a stationarj'-, intermittent filter in which
the leaves are suspended vertically in a round tank set on a con-
siderable incline. The leaves are therefore ellipses. The slime
cake is discharged by introducing air and water into the interior

of the leaf. There is also a newer Burt filter of the continuous
rotating-drum type.
Butters Filter.—This is a stationary, intermittentvacuum filter.

The leaves are arranged in a box having a pyramidal bottom.
When the pulp is introduced a vacuum is applied until a cake
from 1 to 2 in. in thickness is formed. The surplus solution is

then removed from the box and wash solution or water intro-

duced. After removing the wash solution, either the box is

filled with water or the cake dropped and sluiced out.

Callow Screen.—A classifying screen using the traveling-

belt principle, the screen cloth forming the belt member. It

passes over two drums, or pulleys, oversize being discharged
while the belt travels under the drums.

Callow Cone.—This is a conical settling tank with vertical

central feed, peripheral overflow, annular launder to collect and
convey away the overflow, and a spigot in the form of a goose-

neck to discharge the tailings.

C.A.LLOW CoxE Test ox Butte Copper Slimes

Total gal.

per min.
Grams per

gal.

Tone per
24 hr.

•'^^^^y, 'Oz. Ag

Feed 1792.7
Overflow 1495.0
Spigot product. . 297 .

5

41.15
16.25

1.54.5

117.16
38.45
73.13

2.80
1.815
3.5

2.81
2.36
3.34

Dehne Filter Press.—One of the best known of the standard
plate-and-fraine presses, which see.

Dorr Agitator.—An agitating machine based on the thickener
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principle. It is essentially a Dorr thickener equipped with a
central air-lift.

Dorr Classifier.—A machine to diminish the amount of

water required for classification by raking the heavier grains
up an inclined plane against a light current of water, which
washes away the lighter material. It is of the intermittent type.
Esperanza Classifier.—A classifier of the free-settling type in

which the settled material is removed by dragging it up an
inclined plane by means of a continuous belt of fiat blades or
paddles. This is continuous in its operation.

France Screen.—A traveling belt screen in which the screen-
cloth is mounted on a series of separate pallets, thus avoiding
bending the screen as it goes over the pulleys.

Hunt Continuous Filter.—A horizontalh^ revolving continuous
vacuum filter. It consists of an annular filter bed, usually of

triangular wooden slats filled with coarse sands. The vacuum
withdraws part of the pulp moisture as soon as the bed is formed.
A spray then washes it after which the vacuum dries it and the
material is then scraped off.

Impact Screen.—A type in which the screen moves with the
load of material, bringing up against a stop so as to throw the
material forward on it. The Imperial is probably the best
known type.

Imperial Screen.—A pulsating screen in which the ore is

thrown up in the air as well as moved forward over the screen.

Kelly Filter.—Tiiis is an intermittent, movable pressure
filter. The leaves are vertical and are set parallel to the axis of

the tank. Pulp is introduced into the tank (a boiler-like

affair) under pressure and the cake formed. The head then is

unlocked and the leaves run out of the tank chamber, by means
of a small track, and the cake is dropped. The carriage and
leaves are then run back into the tank and the cycle begun
again.

King Screen.—A drum-type screen in which the pulp to be
screened is delivered on the outside, the undersize passing
through the screen and discharging through the open end.
Maxton Screen.—A screening machine of the trommel class,

open at each end and rotating on rollers supporting the tube
through tires at each end. There are radial elevating ribs, to
prevent wear of screen cloth and to elevate the oversize. Un-
screened material is delivered on the inside screen surface, under-
size passing through and oversize being elevated and discharged
into a separate launder.

Merrill Filter Press.—A variation of the plate-and-frame
press.

Moore Filter Press.—The best known of the movable, inter-

mittent vacuum filters. A series, "or basket," of leaves is fast-

ened together in such a way that it may be dropped in a pulp tank
and kept submerged until a cake is formed. It is then trans-
ferred by crane to an adjoining wash-solution tank and washed.
The basket is then lifted out of this and the cake dropped.
Newaygo.—A slanting screen down which the material to be
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screened passes. The screen is kept in vibration by the impact
of a vast number of small hammers.

Oliver Continuous Filter.—This consists of a revolving drum
prepared as a leaf-filtering surface and divided into com-
partments, each of which is connected to a vacuum pipe and
to a pipe for admitting compressed air. The drum is partly

immersed in a tank or box of thick pulp and revolves at a slow

rate of speed. The vacuum causes a K to J-^-in. slime cake to

form; after emerging, the solution is sucked out of the adhering
cake; a wash is then given and displaced by air as far as possible;

and finally the cake is dropped by compressed air.

Ovoca Classifier.—A classifier of the free-settling type in

which the heavy material is removed by a double-screw, con-

tinuous-flight conveyor, working up an inclined plane.

Pachuca Tank.—Same as the Brown tank.

Paddle-wheel Agitator.—The simplest form, in which the

solids are kept in suspension by paddles. It is difficult to do with

sand, the machine being difficult (if not impossible) to start if

sand packs around the blades, and it is expensive both in

operating and in repair costs.

Parral Agitator.—An agitator using a number of small air

lifts disposed about a circular, flat-bottomed tank in such a

way as to impart a circular swirling motion to the pulp.

Patterson Agitator.—An agitator of the PACHUCA-tank type
in which the air is replaced by solution or water, under pressure

from a centrifugal pump.
Plate-and-frame Filter Press.—The old style press. It

consists of plates with a girdiron surface alternating with

hollow frames, all of which are held by means of lugs, on the

press framework. The corners of both frames and plates

are cored to make continuous passages for pulp and solution.

The filter cloth is placed over the plates. The pulp passageway
connects with the large square opening in the frame; the solu-

tion passageways with the girdiron surface of the plate. The
Dehn'e and the Merrill are well-known types.

Richard's Pulsator Classifier.—A classifier operating by a
pulsating current of water without a screen. The pulp grains

fall through a sorting column against an upward pulsating cur-

rent of water.
Ridgeway Filter.—This is a horizontal revolving, continous

vacuum filter. The surface is an annular ring consisting of

separate trays with vacuum and compressed air attachments.
The filtering surface is on the under side, the trays being dipped
into the tank of pulp to form the cake, and then lifted out of it.

Richard's Shallow-pocket Hindered-settling Classifier.—

A

series of pockets through which successively weaker strearns of

water are directed upward. The material that can settle doeSj

so and is drawn off through spigots.

§herman Settler.—A series of cylindrical tanks with conical!

bottoms having central feed and a peripheral overflow. Thej
tanks continually decrease in depth and increase in diameter.

Trent Agitator.—This agitator has the arms of the paddle-
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wheel type, but they are hollow, and pulp solution, or air is

discharged from nozzles on these arms, thus causing the stirrer

to rotate.

Trommel.—A revolving screen set at an angle. The material
to be screened is delivered inside the trommel at one end. The
fine material drops through the holes; the coarse is dehvered at

the other end.
Vibracone.—A vibrating screen manufactured by the Step-

hens-Adamson companj', in which the feed is from a saucer-
shaped distributor onto a conical surface kept in vibration by a
ratchet motion.

Power Used ix Bostox & Moxtaxa Coxcextrator

Machine ' R.p.m.
Horsepower
required

Hancock jig 62
i

.3.41

Evans jig 190
|

0.50
Trommel (3X6-ft.) 0.30
Overstrom table I

251 . 364

Wilflev table ! 251 0.352
Vanner (4-ft.) 1^2 0.230

Power Used in Concentrating Mills

As an indication of what power may be needed in milling, the
following table is taken from R. H. Richard's "Ore Dressing,"
Vol. IV, page 1929. The figures are those for the Cananea
Consolidated Copper Co.'s No. 2 and Xo. 1 mills:

Horsepower
20 trommels 4X5 ft. and 4X8 ft 20
4 16-in. elevators, 46 ft. between puUey centers 10
4 sets 16 X36-in. rolls at 80 r.p.m 20
6 one-compartment bull jigs (4 active) . , 8
16 two-compartment middle jigs 16
16 three-compartment sand jigs 16
2 dewatering trommels 1

2 chip trommels 1

10 shovel wheels with shafting 3
2 centrifugal pumps, 1200 gal. per minute, 40-ft. lift . . 60
8 5-ft. Bryan mills 144
38 Wilfley tables with line shafting 25
36 6-ft. Frue vanners with line shafting 8
2 centrifugal pumps 25
6 shaking launders 3
2 middling elevators 5
2 pulp elevators 3
Friction of engine and remaining shafting 80

Total on mill engine 472
1400 tons of ore treated per day.
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Horsepower
24 trommels 12
2 No. 1 elevators 13

2 No. 2 elevators 14

2 No. 3 elevators 8
2 No. 4 elevators 8

8 bull-jigs (4 active) 8
16 two-compartment jigs 16

8 three-compartment jigs 8
2 Bryan mills 36
2 No. 1 centrifugal pumps 40

• 2 sliaking launders and 2 shovel wheels 2

2 16X36-in. Davis rolls 22
4 14X27-in. Davis rolls 40
shafting and belts 40
engine and jackshaft friction 50

Total engine load 317
42 Wilfley tables 26
36 six-foot Frue vanners 8
2 10X48-in. sand pumps 3

1 No. 2 centrifugal pump 15

Friction of transmission 13

Total motor-driven load 65
Total power required in mill 382

1400 tons of ore treated per day.

Power Used in Mills

(Data furnished bv General Engineering Co.)
Crushers, Blake.—7 XIO, 8 h.p.; 9 X 15, 15 h.p.; 10 X 20,

20h.p.; 15 X 24, 30 h.p.

Dodge.—A X 6, 2 h.p.; 7 X 10, 7 h.p.; 11 X 15, 15 h.p.

Gates.—D Style No. 1, 10 h.p.; No. 2, 15 h.p.; No. 3, 25 h.p.;

No. 4, 30 h.p.; No. 5, 40 h.p.; No. 6, 60 h.p.; No. 7, 125 h.p.;
No. 8, 150 h.p.

Mills.—10-stamp, 90 8-in. drops per min., 750 lbs., 15 h.p.;

850-lb., 17 h.p.; 950-lb., 19 h.p.; 1000-lb., 20 h.p.

Tubes.—5 X 14-ft., 30 h.p.; 5 X 22-ft., 70 h.p.; 4 X 20-ft.,

50 h.p.

Chilian.—4-ft., 6 h.p.; 5-ft., 12 h.p.; 6-ft., 25 h.p.

Huntington.—3^-h., 4-5 h.p.; 5 ft., 6-7 h.p.; 6-ft., 8-10 h.p.

Rolls. Cornish.—12 X 20, 12 h.p. ; 14 X 27, 16 h.p. ; 16 X 36,
25 h.p.

Sample Grinders.—No. 1, 3 h.p.; No. 2, 4 h.p.

A,malgamating Pans.—5-ft., 4 h.p.; 8-ft., 6 h.p.
Grinding Pans.—5-ft., h.p.; 8-ft., 9 h.p.

Settlers.—8-ft., 3 h.p. Agitators.—8-ft., 3 h.p.

Clean-up Pans.—48-in., 13^ h.p.

Hendryx Agitator.—5 h.p.

Revolving Screens.— J^ h.p. Revolving Dryers.—5 h.p.

Wilfley Tables.—% h.p. Frue Vanners.— 3'^ h.p.

Hancock Jigs.—5 h.p. Harz Jigs.— (per compt) 1 h.p.

(The data is to be con.sidered approximate only.) i
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Water Consumption in Various Mills

397

Gal. water
per 24 hr.

Tons
ore per
24 hr.

Water used
per ton of ore

GalloDB Tons

Remarks

Haile, South CaroUna.

.

Gold Stamp Mills^

360,000 150 2,400 10 CO stamps

Jigging Mills

Smuggler Mining Co. . . 2, 160,000
St. Joe Lead

I
4,000,000

St. Louis Sm. & Ref . . . .
|

5,760,000
T,. n in / 864,0001
Block 10 A QgoQQ

Dalv-West ' >
504,000>

JJal>-west
, , 57^600

^,. T, , .
If 2,001,6001Mmas Tecolotes
i ; 338 400

Silver Lake
I

1,885!000

5,400
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Water Used in Jigging

According to Ricuauds, a jig will use anywhere from 0.528
to 22.22 gal. of water per square foot of jig area per minute, and
from 8.76 to 54.98 tons of water per ton of ore in American
practice, and 1.23 to 33.04 tons of water per ton of ore in

European practice. The stroke of a jig varies from 1.63 to

7.18 times the diameter of the average grain fed to it. The
coarser the grains the greater should be the throw, because
coarse grains settle faster than fine grains and require a higher

velocity of current and a greater quantity of water to lift them.
The heavier the grains, the greater should be the stroke.

Water Required in Milling

(Data furnisliod by General Engineering Co.)
Classifiers. Hydra ulic.— 1 0-50 tons of water per ton of pulp.

Jigs.—18 X 36-in. compartment Harz jigSj per compart-
ment. 1>2~2^^ mm. particles, 2-4 gal. per mm.; 3J^-5 mm.
particles, 5-7 gal. per min.; 7-10 mm., 8-14 gal.; 15-20 mm.,
21-28 gal. per min. This is in addition to the water in the feed.

Mills. Chile and Huntington.—Crushing to 20 mesh, 5-6
tons of water per ton of ore passing the screens.

Screens. Calloio.—24-in. duplex. Water in pulp, 3J^-4
tons of water per ton of feed; spray water undersize, 6-10 gal.

per min.; oversize, 8-12 gal. per min.
Stamps.—800-1000 lb. stamps, 3-6 gal. per min.
Trommels.—36 X 72-in., iHSVi mm. holes, 15-25 gal. per

min.; 319-7 mm. holes, 10-15 gal. per min.; 7-15 gal. per min.,
5-8 gal. per min.

Vanners.—6 ft., 1^-3 gal. per min.
Wilfley Tables.—5-10 gal. per min.

Carkeek's Slope for Launders^

Size of ore DcKrees •

Slopes
-

, inches per foot

Mine ore to breaker
2 in. to 1 in

1 in. to H iri

Jk^ in to fi in

^ in. to ^ in

1^ in. to He in

He in. to vanner material
Table or vanner material
Tail race for He-in- material. .

.

Tail race for 3'^-in. or larger

Trommel casing for — H"in
material

Trommel casing for + J^-in

material

36° 35'

37° 50'

33° 40'

29° 5'

24° 0'

18° 25'

7° 33'

6° 20'

3° 35'

6° 20'

16° 15'

33° 40'

• R. H. RiCHAHOS, "Ore Dressing," Vol. II.
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Quantities of Water Flowing in Rectaxgttlar Launders
OF Rough Plank
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Water per Ton of Ore in Various Kinds of Mills

Stamps and Vanners.—20-30 mesh, 4-0 tons.

Coarse Concentration.—Rolls, jigs and tables, 15-20 tons.

Combination Mills.—Stamps, vanners and pans, 6-8 tons.

Cyanide Mills.—."^hoveling tails and filter pressing, 0.2-0.35

tons.

Cyanide Mills.—Sluicing tailings, 1.3-1.9 tons.

Speed of Current Necessary to Movk Different Sizes of
S.\ND AND Peebles'

Material

Velooitics at bottom of stream,
feet per second

Slowest observed
velocity that

movctl the grains

Fastest observed
velocity that did
not move grains

Brown clay (sp. gr. 2.64)
Fine sand (sp. gr. 2.64)
Coarse sand
Gravel, size of anise seed
Gravel, size of peas or larger...

Gravel, size of common beans.
Beach pebbles, 1 in. or more.

.

Angular weather flint, egg size

0.36
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Speed of Mineral Grains Falling in Water (Meters peh
Second)!

Diameter
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somewhere for experimental purposes. The experiments
finished, the apparatus, which is essentially a construction of
timber, is destroyed with axes. Naturally those concerns
which are employing the llotation process without license from
Minerals Separation and are liable to be called into court, keep
their mouths shut as a matter of policy.

This situation is likely to prevail until a final decision in the
Hyde case is rendered by the Supreme Court of the United
States. In the meanwhile the suit against the Miami Copper
Co. has been taken under advisement and a decision is expected
this Spring (1916). This suit brought into court review the
Callow and the Townb systems of flotation.

The flotation process as practised is a matter of delicate ad-
justment. With anj' given ore experimentsmayfail to give any
I)romise whatever, simply because of failure to conform to some
essential, and usually simple, condition. The size of the ore,

the quantity of the feed, the temperature, etc., must all be just
right, and e.specially must regularity of feed be attended to
carefully. The fundamental features of the treatment also
vary according to different ores. Thus, in floating the blende
of Butte the addition of acid is necessary. In floating the
copper ore of Miami the presence of acid is fatal. The charac-
ter of the oil used also varies according to the ore. In the treat-
ment of the zinc-lead ores of Broken Hill eucalyptus oil is com-
monly employed. In the treatment of the zinc ores of Butte,
pine oil, a product of wood distillation (analogous to the euca-
lyptus oil of Australia) is generally used. Sometimes a little

oleic acid is added. In the flotation of copper minerals heavier
mineral oils are used. The choice seems to be more or less

dependent upon what it is desired to accomplish. In the con-
centration of copper ore the aim is to extract all the copper
possible and if considerable gangue is dragged out with it, no
great harm is done. In the concentration of blende, how-
ever, the production of a high grade of concentrates is more
important than the extraction of the maximum po.ssible per-
centage of zinc. Therefore a lighter, more delicate oil is favored.
In some processes of selective flotation some oils that are very
light indeed are used. We have touched upon a few of the
important points in connection with this process that ought to

be discussed in technical literature, but probablj' that is not to
be expected so long as the shadow of the litigation is over us.

Flotation Processes*

Crilley and Everson.—Tlie ore is cru.shed to 50 me.sh, and
mixed with a thicl? black oil. Boiling water containing enough
acid to give it a tart taste is then added. This process was
tried at Baker City, Ore., and at Denver, in 1889.

Robson and Crowder.—The ore was mixed with but little

water, 2.5 to 30 per cent., agitated and oil added during agita-

tion. This was operated at the Glasdir mine in Wales, in 1894.

> From Hoover'8 "Concentrating Ores by Flotation," "The Mining
Magazine," London.
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Elmore (Old Process).—The ore was mixed with several times
its weight of water, and an equal, or greater weight of oil in a
revolving drum. The oil was mixed without emulsifying, then
run on a spitzkasten, where the oil carried the sulphides to the
surface, and the gangue and water were removed from the
bottom. This process was invented in 1898 and tried ex-
tensively. Its history may be said to close in 1905.

Potter-Delprat.—The original Potter process (1902) was
one of flotation in a 1 to 10 per cent, acid solution. The
mixture was 1:1 of ore and acid solution; thiswas agitated freely
and heat applied, causing the forming of CO2 from the carbon-
ates in the ore. This caused the sulphides to rise to the surface
where they were either allowed to flow off continuously or were
skimmed off. This was clearly a surface tension process.

Delprat (1902) accomplished the same thing with acid salt-

cake solution. Both processes were tried out at Broken Hill,

Australia. Later patents indicate that oil has been found to
assist in this process. These inventors worked independ-
ently, became involved in litigation and eventually pooled their

interests.

Froment.

—

Alcide Froment discovered in 1901 that when
a sulphide ore is agitated in water v/ith a little oil and sulphuric
acid, the sulphide particles become oiled and attach themselves
to and are floated by gas bubbles. He recommended adding a
little calcite to the ores when needed. Minerals Separation,
Ltd., bought this patent in 1903.

Minerals Separation, Ltd.—Organized in 1903 by Ballot,
CuRLE, Webster, Gregory, Sulman and Pickard to acquire
the Cattermole patents. Soon after bought the Froment
patents. Present processes are based on surface-tension phe-
nomena, accelerated by means of addition to the pulp of small
quantities of oil and air in minute subdivision. There is only
about 0.1 per cent, oil added, and very violent agitation is

indulged in for from 1 to 10 minutes. Innumerable small bubbles
of air are thus mechanically introduced which join the oil-

coated particles. These are then removed on a spitzkasten.
Exposure to air after this treatment then aerates any mineral
which has not already taken up its oil film after which a second
spitzkasten treatment removes this.

Cattermole.—Added 4 to 6 per cent, of oil, according to the
sulphide contents, to a freely flowing pulp, and also 2 per cent,

of soap. This process was bought up by Minerals Separation,
Ltd.
Goyder and Laughton.—Their process (1905) was only a

variation of the Potter-Delprat. It was used at Broken
Hill.

Wolf.

—

Jacob D. Wolf in 1903 invented a method of
applying the principles of flotation. He used sulpho-chlorin-
ated or other oils and aimed to secure a high extraction with a
low grade of concentrate in the first step, and by washing with
hot water to concentrate the concentrate in a second step.
Apparently no commercial use was made of it.
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Elmore (Vacuum Process).—In 1904 Francis E. Elmore
took out patents coverinp; a process in which flotation is secured
l)y the addition of a small quantity of oil, and by the liberation
of air in the pulp in a finely divided condition, this being accom-
plished by subjecting the freely flowing pulp to a vacuum and
simultaneous heating.
De Bavay.—Augcste J. F. De Bavay in 1904 invented a

flotation process in which a freely flowing pulp was brought to
the surface of a vessel of water, where advantage was taken of

the surface tension of the liquid, and the sulphide floated. A
film of carbonate on the sulphide, from weathering, is detri-

mental, and is removed by soaking the ore in a weak solution of
carbonate of ammonia, or by passing carbon dioxide through
the pulverized wet ore, or by friction. In the original process
no oil or acid was used. Later these were also made use of.

Macquisten.—Arthur P. S. Macquisten, in 1904, invented
a process and a tube apparatus for floating sulphides by surface
tension. Oil has since been added to the process. It is operat-
ing at the Morning mill at Mullan, Idaho.

Zinc Corporation.—Organized in 1905 to treat zinc tailing in

the Broken Hill district. Tried Potter process in 1905. Re-
modeled plant in 1907 for Minerals Separation process. In late

1907 and 1908 built an Elmore vacuum mill. In 1910 again
adopted Minerals Separation.
Hyde.—In 1911 James M. Hyde patented a process in which

a small amount of sulphuric acid, with or without the use of

copperas, is used to give the slimy portion of the ore a prelimi-

nary coagulation before flotation. The sulphides, after agi-

tation, are floated off rapidly and as completely as possible with
a considerable overflow of freely flowing water, thereby pro-
ducing an impure concentrate which is re-treated in a second
machine. At present the process is being used by the Butte &
Superior Copper Co., and is in litigation with Minerals Separa-
tion, Ltd.
Murex.—V.Tiile this process is not strictly of the same class

as the others, it still makes use of the principle of selective oiling

of sulphide particles. In this process the crushed ore is fed

into an agitator and mixed with 4 to 5 per cen' . of its weight of

a paste made of 1 part of oil or thin tar with 3 or 4 parts of

magnetic oxide of iron. This oxide must be ground to an impal-
pable powder. These ingredients, with enough water to make
a pulp, are agitated from 5 to 20 minutes. The paste prefer-

entially adheres to the sulphides because of the oil. The ore

is then fed over magnets and the oxide of iron, with the mineral
adhering to it, pulled out. The oil and magnetite are then
recovered.

Sanders.—This process uses, instead of an acid bath in

deep pans, a dilute solution of aluminum sulphate in shallow

pans. It was tried by the Tri-Bullion Smelting & Development
Co. on a commercial scale, without success.

Horwood.—If a mixture of iron, copper, lead and zinc sul-

phides is roasted, the three former can be changed to oxide and
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CYANIDATION

Flow of Sand and Water through Spigots ^

Relation of Composition to Viscosity of Mixtures of
Sand and Water

Kilo-
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tons. One ton per 21 hours is 0.631 kg. per minute. Forty
tons per 24 liours is 40 X 0.631 = 25.2 kg. per minute. The
volume of sand per minute is 25.2 -=- 2.81 (the density) = 8.98
liters. The quantity of water per minute is three times that
of the sand, 25.2 X 3 = 75.6 kg. = 75.6 liters. The total vohime
of sand and water per minute is 8.08 (sand) + 76.5 (water)
= 85.5 -r 60 = 1.43 liters = 1430 co.
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V = Total volume of wet pulp.

m = Total weight of dry slime in wet pulp.

c = Volume of solution in wet pulp.

d — Specific gravity of solution.

P = Percentage of dry slime in wet pulp.

m + cd „ VI
S =

V
. .

(^ - ^•)

Solving for c, equating values, simplifying and solving for m

:

_ SV(a - d)
"^ ~

(5 - d)
'

P is obtained by multiplying the above value of m by 100
and dividing by weight of the wet pulp, Va

:

imSja - d)

a{S - d)

The error introduced by assuming d = 1 is not a negligible one.

Specific Gravity of Working Cyanide Solutions

Solution
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NrNfBER OF CuRic Fket for each Foot of Depth of
Cylindrical Tanks'

Q =

Diameter, feet

10 12 13 14 15 16 17 18

hi
1

IH
2
2W
3
3W
4
4V^
5
5W
6

7
7H
8
8^4
9

10
lOH
11
in'2

78.

|79.
79.
80.
81.
l81.

182.

183.

183.

'fl
185.
'85.

186.
'87.

187.

88.
89.
90
90
91
92
92
93
94

54 95.03 113.
19 95.75 113.
85 96.48 114.
51 97.20 115.
18 97.93 116.
85 98.06 117.
52 99.40 117.
19 100.1 118.
86 100.9 119.
54 101.6 120.
22 102.4 121.
90 103.1 121.
59 103.9 122,
28 104.6 123.
97 105.4,124.
66 106.1 125,
36 106.9 126,
06 107.6 126
76 108.4 127,
47 109.2 128,
18 110.0 129,
89 110.7 130,
60 111.5 131,
31 112.3 131.

1 132.
9 133.
7 134.
5 135.
3 136.
1 1.37.

9 137.
7 138.
5 139.
3 140.
1 141.
9 142.
7 143.
5 144.
4 144.
2 145.

146.
8 147.
7 148.
5 149.
4 150.
2 151.

152.
8;i53.

7 153.
5 154.
4 155.
31156.
2'157
O'loS
9 159
7 100.
6 101.
5 102,
4 163,
2 104,
1 165,
100

9 107
8 107,
7 108,
6 169
5 170.
4171
3 172
2 173
1 174

175.

176.
177.
178.
179.

.61180.

.5 181.
5, 182.
,4 1S3,
,4 ls4,
,3 IS.J,

,2 ISO.
,1 187.
,1 188,
.0 1.S9.

.0 190.

.9 191.

.9 192.

.9 193.

.9 194.

.8 195.

.8 190.

.8 197.

.8 199.

.7 200.

201.
202.
203.
204.
205.
206.
207.

7 208.
7 200.
7 210,
7 211,
7 212,
7 213,
7 214,
7 216.
7 217.
8 218.
8 219.
8 220.
8 221.
9 222

.

9 223,
224,

0.225.

1 227
i;228.
2' 229.
2 230,
3 231.
3 232,
4 233

,

4 234,
5 236
237

,

7 238,
7 239,
8 240
9 241,
242,

1 243,
2 245,
3 246
4 247
5 248
6 249,
7 2.00,

8 252

,

9 253,
I

254.
1 255.
2 256,
3 258.
5 259.
6 260

.

7201.
8 202,
204.

1 205.
2 200.
3 207.
5 268.
6 270.
8 271.
9 272.
1 273.
2 274.
4 276.
6 277.
8 278.
9 279.
1 281.
3'282.

I

5 283
6 284
8 286
287

2 288
4 289
6 291
8 292
293

2 294
4 296
6 297
8 298
299

2 301
4 302
7 303
9 305
1 306
3 307
6 308
8 310
311

2,312

.5314.2

.7;315.5

.0!316.8

.2318.1

.5319.4

.7i320.7

.0322.1

.3 323.4

.6 324.7

.8326.0

.1 327.4

.3 328.7

.0 .330.1

.9 331.4

.2i332.8

.5 334.1

.8335.5

. 1 336.8

.4 338.2

. 6 339 .

5

.9 340.9

.2 342.2

.5 343.6

.8 345.0
I

Number of Cubic Feet for each Foot of Depth of
Cyli.ndrical T.AXKS.i Continued

i-5

(5.2

Diameter, feet

21 22 23

M
1m
2
2>4
3
3^i
4
AM
5
5M
6
6W
7
7¥t
8
8W
9
9W
10
102^
11
IIW

[346.4 380.
1347.7 381.
349.1 383,
350.5 384,
351.9 385,
353 .

3

387

,

354 .

7

388
356.0 390
357.4 391
358.8 393,
360.2 394
361.6.396
363 .

1

397

.

364 .

5

399

.

365.9 400.
367.3 402.
.368.7 403.
370.1 405.
371.5 406
372.9 408.
374.4 409.
.375.8 411.
377.3 412
378.7 414.

1 415.5
5417.0
0418.5
4 420.0
9 421.5
3 423.0
8 424.6
2 426.1
7 427.6
2 429 .

1

7 430.7
1 432.2
6 433 .

7

1 435.2
6 436.8
438.3

5 439.9
441.4

5 443.0
444.5

5 440.1
447.7

5 449.3
450.8

F^
25 26 27 29 30 31

452.4 490.
453.9 492.
4.55.5 494.
457.1 495.
458.7 497.
400.3 499.
401.9 500.
403.4 502.
405.0.504.
400.6 505.
468.2 .507.

409.8 509.
471.4 510.
473.0 512.
474.6 514.
476.2 515.
477.9 517.
479.5 519.
481.1 520.
482 . 7 522

.

484.4 524.
486.0 525.
487.6 527.
489.2 529.

9 5.30.

5 532

.

2 534.
8 536.
4 537

.

539

.

7 541.
4 542.
1 544.
7 546.
4 548.
549.

7 .551

.

3 553.
555

.

7.5.56.

4 558

.

1 500.
8 502.
4 503

.

1 505

.

8 507.
5 509.
2 570.

J

9 572 .

6

6 574.3
3 576.1
577.8

8 579 .

6

5 581.4
2 583 .

2

9 585.0
6 586.8
3 588.6
1 590.4
8 592.2
5 594.0
2 595.8
597.6

7 599 .

4

5 001.2
2 003.0
004 .

8

7 006.6
6 608 .

4

2 610.2
0612.1
8613.9

615.8 660.
617.6 662.
619.4 664.
621.2 666.
023.1 608.
024.9 670.
026.8 672,
028.6 673,
630.5 675,
632 . 3 677

,

034.2 679,
036.0 681.
637.9 683,
639.8 685,
641.7 687,
643.5 689,
645.4 691,
047.3 693,
649.2 695,
051.0 097,
652 .

9

699

,

6.54.8 700,
656.7 702,
658.6 704

5 706
4 708
3 710
2 712
1 714
716
718

9 720
8 722
7 724
6 726
5 728
5 730
4 732
4 734
3 736
2 738
1 740
1 742
744
746

9 748
9 750
9 752

9 754.8
,8 756.8
,8 758.8
,7 760.8
,7 762.9
,7 764.9
.7 767.0
.7 769.0
,7 771.1
,6 773.1
,6 775.2
.6 777.2
.6 779.3
,6 781.3
.6 783.4
.6 785.5
.6 787.6
.6 789.6
,0791.7
,6 793.8
.7 795.9
.7 798.0
.7 800.1
, 7 802 .

1
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Nu.MBER OF Cubic Feet for each Foot of Depth of
Cylindrical Tanks. ^ Continued
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Number of Cubic Feet for each Foot of Depth of
Cylindrical Tanks. * Continued

Diameter,
inches

Diameter, feet

55
I

56 57 58 60 61 62 63 64 65

1m
2
2M
3

4
AM
5

6
6H
7
7W
8
8M
9
9W
10
lOVi
11

2376
2379
23S3
2386
2390
2393
2397
2401
12405
240S
2412
2415
2419
2422
2426
2430
2434
2437
2441
2444
244S
2452
2456
2459

2463 2552 2642
2466 2555 2646
2470 2559 2650
2474 2563 2653
2478 2567 2657
2481 2570 26C1
2485 2574 2605
2488 2578 2009
2492 2582 2073
249G 2585 2070
2500 2589 20S0
2503 2593 2684
2507 2597 2088
2511 2600 2091
2515 2eC4 2095
2518 2008 2099
2522 2012 2703
2525 2015 2707
2529 2019 2711
2533 2623 2715
2537 2627 2719
2540 2030 2722
2544 2634 2726
2548 2638 2730,

2734 2827
2738 2831
2742 2835
2745 2839
2749 2843
2753 2847
2757 2S51
2761 2855
2765 2859
2769 2803
2773 2807
2777 2871
2781 2S75
2784 2879
2788 2883
2792 2S87
2790 2891
2800,2895
2804 2899
2808,2903
2812 2907
28162910
2820 2914
28232918

2922
2926
2930
2934
2938
2942
2946
2950
2954
2958
2963
2907
2971
2975
2979
2983
2987
2991
2995
2999
3003
3007
3011
3015

3019 3117
3023 3121
3027 3125
3031 3129
3035 3134
3039 3138
3043 3142
3047 3140
3052 3150
3050 3154
3000 3159
3C04 3163
3008 3167
3072 3171
3070 3175
3080 3179
3084 3184
3088 3188
3093 3192
3097 3196
3101 3200
3105 3204
3109 3209
3113 3213

1 I

3217 3318
3221 3322
3225 3327
3229 3331
3234 3335
3238 3339
3242 3344
3246 3348
3251 3352
3255 3350
3259 3301
3203 3305
3207 3370
3271 3374
3270 3378
3280 3382
3284 33S7
3288 3391
3293 3395
3297 3399
3301 3404
3305 3408
3310 3413
3314 3417

Number of Cubic Feet for each Foot of Depth of
Cylindrical Tanks. ^ Continued

Diameter,
inches

Diameter, feet

66 67 68 1
69 70 71 72 73 74 75 76

—\

1.301 4418
4300 4423
4311 4428
4315 4433
4320 4438
4325 4442
4330 4447
4335 4452
4340 4457
4344 4402
4.349 4407
43.>t 4472
4359 4477
4364 4482
4309 4487
4374 4492
4379 4497
43'>3 4.W2
4388 4.507

4393 4512
4398 4517
4403 4522
4408 4527
4413 4531

1

Hi
2
2H
3
3>4
4
4^i
5
bM
6
6>&
7
IM
8
8>4
9

10
\QM
11

.3421

3425
3430
3434
3438
.3442
3447
3451
3450
3460
3465
3469
3473
3477
3482
3486
3491
3495
3499
3503
3508
3512
3517
3521

3526
3530
3534
3538
3543
3547
3552
3556
3561
3565
3570
3574
3578
3582
3587
3591
3596
3000
3005
3609
3614
3618
3623
3627

3032
3636
3641
3645
3650
3654
3658
3602
3007
3671
3876
3680
3685
3689
3694
3698
3703
3707
3712
3716
3721
3725
3730
3734

3739
3743
3748
3752
3757
3701
3706
3770
3775
3780
3785
3789
3794
3798
3803
3807
3812
3816
.3821

3825
3830
3834
3839
3843

3848 3959
3853 3963
385S 3968
3862,3973
3867 3978
3871 3982
3876 3987
3880.3991
3885 3996
3889 4001
3894 4000
3899 4010
3904 4015
3908 4020
3913 4025
3917 4029
3922 4034
3920 4038
3931 4043
3930 4048
.3941 4053
3945 4057
3950 4062
3954 J0G7

4072
4070
4081
4085
4090
4095
4100
4104
4109
4114
4119
4123
4128
4133
41,38
4142
4147
41.52

4157
4101
4106
4171
4176
4180

41S5
4100
4195
4200
4205
4209
4214
4219
4224
4228
4233
4238
4243
4248
4253
42.57

4202
4207
4272
4276
4281
4286
4291
4296

4536
4541
'4546

4551
4,5.56

4561
4566
4571
4576
4581
4,586
4.591

4596
4601
4606
4011
4016
4021
4626
4031
4036
4641
4647
4652
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Number of Cuhic feet for each Foot of Depth of
Cylindrical Tanks. ^ Continued

Diameter,
inches

Diameter, feet

! 77 79 80
f-

4657'

4662]
4667'
4672i
4677!
46821
4687'

4692i
46971
4702'
4707
4712
4717
4722
4727
4732
4738
4743
4748
4753
4758
4763
4768
4773

81 82 83 84 85 86 I 87

5281 5411 5542
5286 5416 5547
5292 5421 5553
5297 5426 5558
5303 5432 5564
5308 5437 5569
5313 5443 5575
5318 5448 5580
5324 5454 5586
5329 5459 5591
5335 5465 5597
5340 5470 5602
5346 5476 5608
5351 5481 5613
5356 5487 5619
5361 5492 5624
5367 5498 5630
5372 5503 5635
5378 5509 5641
5383 5514 5646
5389 5520 5652
5394 5525 5657
5400 5531 5663
5405 5536.5669

I I

'

'
1

5675 58C9 5945
5680 5814 5950
5686 5820 5956
5691 5825 5961
5697 5831 5967
5702 5837 5973
57C8 5843 5979
5713 5848 4984
5719 5854 5990
5724 5859 5996
5730 5865 6002
5735 5871 6007
5741 5877 6013
5747 5882 6019
5753 5888 6025
5758 5893 6030
5764 5899 6036
5769 5905 6042
5775 5911 6048
5780 5916 6053
5786 5922 6059
5792 5927 6065
5798 5933 6071
5803 5939 6076

1

2

3

4

5

6

7
7H
8
8H
9
9H
10

11

4778
4783
4789
4794
4799
4804
4809
4814
4819
4824
4830
4835:
4840
4845
4850!
4855
4860:
4865
4871
4876
4881
4886
4891
4896

4902
4907
4912
4917|
4922'
4927,
4933
4938
4943
4948
4954,
4959
4964
4969
4971
4979,
4985,
4990,
4995
5000'
5006:
soil!
5016'

5021

1

5027
5032
5037
5042
5048
5053
5058
5063
5069
5074
5079
5084
9509
5095
5100
5105
5111
5116
5121
5126
5132
5137
5142
5147

5153
5158
5164
5169
5174
5179
5185
5190
5195
5200
5200
5211
5217
5222
5227
5232
5238
5243
5249
5254
5260
5265
5270
5275

Number of Cubic Feet for each Foot of Depth of
Cylindrical Tanks. i Continued

Diameter,
inches

Diameter, feet

88 89 90 91 92 93 94 95 96
1
97

4-

98 1 99

7543 7698
7549 7704
7556 7711
7562 7717
7569 7724
7575 7730
7581 7737
7587 7743
7594 7750
7600 7756
7607 7763
7613 7769
7620 7776
7626 7782
7633 7789
7639 7795
7646 7802
7652 7808
7659 7815
7665 7821
7672 7828
7678 7834
7685 7841
7691 7847

'7854

1

IVi
2
2Vi
3
3V>
4

5
5J^
6
6!.2

7
7M
8
8«
9

10
10!.5

11
lUi

6082 6221
6088 6227
6094 6233
6099 6238
6105'6244
6111 6250
6117 6256
6122 6262
6128 6268
6134 6274
6140 6280
6145 6285
6151 6291
6157 6297
6163 6303
6169 6309
6175 6315
6180 8320
6186 6326
6192 6332
6198 6338
6203 6344
6209 6350
6215 6356

6362
6368
6374
6379
6385
6391
6397
6403
6409
6415
6421
6427
6433
6438
6444
6450
6456
6462
6468
6474
6480
6486
6492
6498

6504 6648
6510 6654
6516 6660
6522 6666
6528 6672
6534 6678
6540 6684
6546 6690
6552 6696
6558 6702
6564 6708
6570 6714
6576 6720
6582 6726
6588 6732
6594 6738
6600 6744
6606 6750
6612 6756
6618 6762
6624 6769
6630 6775
6636 6781
0642 6787

6793
6799
6805
6811
6817
6823
6829
6835
6842
6848
6854
6860
6866
6872
6878
6884
6891
6897
6903
6909
6915
6921
6927
6933

6940 7088
6946 7094
6952 7101
6958 7107
6864 7113
6970 7119
6977 7126
6983 7132
6989 7138
6995 7144
7001 7151
7007 7157
7014 7163
7020 7169
7026 7176
7032 7182
7039 7188
7045 7194
7051 7201
7057 7207
7063 7213
7069 7219
7076 7226
7082 7232

7238 7390
7244 7396
7251 7403
7257 7409
7263 7415
7269 7421
7276 7428
7282 7434
7289 7441
7295 7447
7301 7453
7307 7459
7314 7466
7320 7472
7326 7479
7332 7485
7339 7492
7.345 7498
7352 7505
7358 7511
7364 7517
7370 7523
7377 7530
7383 7536

1 G. H. Cle^'en'ger, (t a!., "Pulp Constants," Eng. and Min. Jour., Dec.
19, 1914.
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Operating Data on Dorr Thickeners*

MiU

Scj. ft.

settling
area per
ton of
solids

thickened
per 24 hr.

Remarks

San Rafael, Mexico

Liberty Bell, Colo-
rado.

Mogul, South Da-
kota.

3.92

Batopilas, Mexico . 1 . 6 to .

9

Zambona, Mexico.

Dominion, Ontario

Porcupine-Crown,
Ontario.

El Palmarito, Mex- 4.5
ico.

Amparo, Jalisco,

Mex.

Veta, Colorado,
Parral, Mex.

Smuggler-Union,
Telluride, Colo.

Tube-mill product, 7.5 per cent.
— 200 mesh, discharge 45.5
per cent, solids.

Tube-mill product, much light

argillaceous slime. Discharge
33 per cent, sohds: -|-100, 17
per cent.; -1-200, 13 per cent.;

-200, 70 per cent. Feed 9:1.
Solution fed at capacity; solids

not. Large area per gallon
overflowed per minute due to
density of underflow and
nature of the sUme.

Tube-mill product, ore siliceous:

+ 60, 0.6 per cent.; +100,
7.8 per cent.; -f200, 26 per
cent,; -200, 65.6 per cent.

Discharge 56 to 59 per cent, sol-

ids. Continuous decantation.
40-mesh product; 90 per cent,
passing 100 mesh.

Tube-mill product. Discharge
40 per cent, solids.

Tube-mill product, 88 per cent.

«

— 200 mesh, ore diabase. Dis-
charge 40 per cent, solids.

Feed 6:1.
Tube- mill product, 75 per cent.
— 200 mesh. Discharge 65 per
cent, sohds. Quartz ore. Con-
tinuous decantation. With
5.1 sq. ft. settling area per ton
settles to 71 to 73 per cent,
solids.

Tube-mill product: pure quart-
zite, 97 per cent. —200 mesh.
Feed 7:1. Discharge 65 to 70
per cent, solids. Continuous
decantation.

Tube-mill product, siliceous:

93.5 per cent. —200 mesh.
Feed 24.5:1. Discharge 23.5
per cent, solids; used to feed
vanners.

Tube-mill product, rather argil-

laceous: 71 per cent. —200
mesh. Feed 11:1. Discharge
33 per cent, sohds for agitator.

Have settled to 65 per cent.

solids.

Very clayey shme with clas.si-

fied sand. Screen test: -h40,
1.48 per cent.; 4-60, 7.27 per
cent.

' Metallurgical and Chemical Engineering, February, 1915.

a. Not up to capacity of overflow.
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Operating Data on Dorr Thickeners. Continued

Mill

Sq. ft.

settling
area per
ton of
solids

thickened
per 24 hr.

Sq. ft.

settling
area per
gallon

overflowed
per

minute

Remarks

Smuggler-Union,
Telluride, Colo.

A large copper
company, Arizona,

Pennsylvania Steel,

Lebanon, Pa.

Nevada Consoli-
dated, Ely, Nev.

Broken Hill, Pro-
prietory, Austra-
lia.

Anaconda Copper,
Mont.
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Power Details for Pachuca Tanks'

Tank.
diam. Xht.,

feet



SECTION VIII

FUELS AND REFRACTORIES

Calorific and Evaporative Values of Various Liquid
FUELS^
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BArMf. Gravity and Corresponding Specific Gravities,
Wkights per Gallon and Calorific Power of Oil'

Baumf"
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Oxygen and Air Required for Perfect Combustion'

Requires kilograms Product of combustion

1 kilogram

Oxygen Dry air
Composi-

tion
Kilograms

Nitrogen
in original

air
kilograms

1-

2.333
\

3.667 :

1.571 '

9.000 1

750, 2.250
143, 1.286
1.286
1.439
2.143
2 . 290
1.291

i

2 . 000 '

C
C
CO..
H... .

CH4.
C2H4.
Fe...
Fe...
Si....
P....
Mn..
S

1.333
2.667
0.571
8.000
4.000
3.429
0.286
0.429
1.143
1.290
0.291
1.000

5.777
11.555
2.472
34.664
17.332
14.848
1.238
1.857
5.064
5.586
1.221
4.333

CO
CO,
CO,
H,0
CO,,H20 2.

CO2, H2O 3

.

FeO
FejO,
SiO,
P2O6
MnO
SO2

4.444
8.888
1.901

26.664
13 . 332
11.419
0.952
1.428
3.921
4.296
0.969
3.333

Theoretical Maximum Combustion Temperatures*

Oxvhydrogen flame 3191°C.
Hydrogen and dry air 2010°C.
Hydrogen and dry air in 25 per cent. e.\ces.s . . 1764°C.
Carbon monoxide with cold air 2050°C.
CO and air, both at 700°C 2284°C.
Natural gas and air 1806°C.
Natural gas with air at 1000°C 2288°C.
Thermit (2A1 + Fe^O,) 2694''C.

Comparative Composition of Different Fuels'

Moisture Content when New

Fuel Moisture,
per cent.

Remarks

Wood : 30-60 I Green wood.
Peat 50-90

j As dug.
Lignite

;

30-45 i As mined.
Bituminous coal ' 2-25

, As mined.
Semi-bituminous coal 1-5 As mined.
Anthracite coal 1

1-3 As mined

' From Hofm.'^n's "General Metallurgy."
= J. W. Richard's "Metallurgical Calculations," Vol. I, pp. 30-39.
» Somermeieb's "Coal."
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Composition and Heating Value of Air-dried Materials
—3-

OhPh

Wood
C O c3

Bituminous

2 O M
oW.S Szc;

X aT e

Proximate
Moisture
Volatile
Fixed carbon.
Ash

20.001

Ultimate
Carbon
Hydrogen.. . ,

Nitrogen
Oxygen
Sulphur
Ash

40.0
7.2
0.8
50.7

1.3

Determined
Calorific value.

Calculated
Calorific value.

100.0

4200

16.70
37.10
39.49
6.71

5.13
32.68
47.46
14.73

3.00
39.00
50.50
7.50

1.00
35.00
57.85
6.15

0.76 2,08
20.54! 7.27
73.61 74.32
5.09 16.33

100.00

46.57
6.51
2.33

38.97
5.17
0.45

100.00

55.16
5.61
0.91
30.98
0.63
6.71

100.00

4515

4338

100.00

5273

5071

100.00

60.51
4.88
1.23

14.20
4.45
14.73

100.00

70.70
5.20
1.30

11.95
3.35
7.50

100.00 100.00 100.00

78.75
5.14
1.55
7.56
0.90
6.10

100.00

6199

6059

lOO.OOjlOO.OO

7155 7865

7100 7845

82.41
4.381
1.05!
5.87
1.20
5.09

75.21
2.81
0.80
4.08
0.77
16.33

100.00

8254

7942

100.00

6929

1 U. S. G. S., "Bulletin No. 332."
2 U. S. G. S., " Professional Paper, No. 48."
« Ohio G. S., "Bulletin No. 9."

« U. S. G. S., "Bulletin No. 290."

Ultimate Composition of Crude Oils and Coal^
Crude Oil
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Mineral Oils—General Composition*

The cliaracteristics of orude mineral oils and tlieir products
vary Krcatly in different localities; but the following general
information may be of interest.
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Volatile matter, 34.96 per cent.; fixed carbon, 7.54 per cent.

;

ash, 57.5 per cent. (2) Volatile matter, 13.5 per cent.; fixed

carbon, 2.5 per cent.; ash, 84 per cent.^

Typical
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Fractions of Average Coal Tau and Their Uses*

First Tude sep-
aration by dis-
tillation,

j

Temperatures
of distillation.

|

Percentage in
tar.

jIntermediate
products, by

j

distillation

expression.

Crude commer-
cial products
and their uses.

Intermediate
chemical prod-
ucts.

Refined chem-
ical products,
dyes, etc., and
their uses.

Light oil.

TO'-ieCC.

Benzene, tolu-
ene, xylene,
etc.; phenol.

"Benzol" and
solvent naph-
tha for sol-

vents, paint
thinners, mo-
tor fuel, gas
enrichment.
Nitrobenzene,
aniline salts,

aniline oil,

carbolic acid.

Nitrotoluenes.
diphenylaminc
and other in-
gredients of

explosives;
aniline dyes;
hydroquinone
and other
photographic
developers;
drugs and
medicines.

Middle oil ((

dead oil).

160°-230°C.

8

Phenol, cresols
etc.; naphtha-
lene, heavy
hydrocarbons

Heavy oil Pitch
(including
anthracene
oin.
230"'-360°C

24

Disinfectants

Cresols, na-
phthalene,
anthracene;
heavy hy-

I

drocarbons
quinoline

I bases.
Creosote oil.

Lamp black.

Above
360°C.

65

Soft pitch,
hard
pitch.

Pitch, bri-

quetin^,
protective
paints.

Road oils, im-
pregnation
of timber.

Roofing tars.

Paving tars.

Anthraquin-
one, ali-

zarin.

Carbolic acid,
picric acid,
phthalic acid,
naphthols,
naphthyla-
mines, sali-

cylic acid.
Picric acid, pic- Alizarin dyee-
rates, and;
other nitro-
compounds
for explosives;
naphtnol dyes
and colors,
artificial in-

digo, refined
carbolic acid.

Inflammability of Gaseous Mixtures—Determination of the
Dilution Limits.^—The results given by previous workers
varied over a considerable range. Tlie authors define a
gaseous mixture as inflammable at a stated temperature and
pressure if it will propagate flame indefinitely when the
unburnt portion of the mi.\ture is kept at that temperature
and pressure. Combustion in an inflammable mixture is

not necessarily complete. In order to conform to this defi-

nition, the flame is started near the bottom of a tall vessel
which is of .suflScient cross-section to minimize the cooling
influence of the walls, and the bottom of the vessel is sealed in

water so that the pres.sure cannot rise appreciably. Upward
flame propagation is adopted since in very weak mixtures the
velocity of propagation maj' be less than that of the upward con-
vection currents and downward propagation of the flame may
thus be prevented. Under these conditions the following
minima were found

:

' Tech. Paper S9. Bureau of Mines.
» H. F. Coward and F. Brinsley, Chem. Soc. Trang., 1914, tOJ, 1859-1885.
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Lowest Limits for Hydrogen, Methane and Carbon Monoxide
in Air.—Mixtures at atmospheric pressure, and saturated with
water vapor at 17°-18°C., were inflammable if they contained
not less than 4.1 per cent. H2, 5.3 percent. CH4, or 12.5 per cent.
CO.

Composition of the Residual Atmospheke Produced by
Flames'

Substance burnt

Composition of residual atmosphere in
which flame was extinguisiied

O,.
per cent.

N2,
per cent.

COj,
per cent.

Alcohol
Methylated spirit.

Paraffin oil

Colza and paraffin

Candles
Hydrogen
Carbon mono.xide.
Methane
Coal gas

14.9
15.6
16.6
16.4
15.7
5.5
13.4
15.6
11.4

80.7
80.2
80.4
80.5
81.1
94.5
74.4
82.1
83.7

4.35
4.15
3.0
3.1
3.2

12.2
2.3
4.9

Limits of Combustion (Gas and Air)''

Lower ex-
plosive
limit,

per cent.'

Other
authors

Upper ex-
plosive
limit,

per cent.'

Other
authors

Carbon monoxide
Hydrogen
Water gas
Acetylene
Coal gas
Methane
Gasoline
Ethylene
Hydrogen^

16.00
9.45
12.40
3.35
7.90
6.10
2.40
4.10
9.1

13-16.7
4.5-10

2.8-3.35
4.5-8.1

4-7.7
1.62«

3.5-4.1
4.4-13

74.95
66.40
66.75
52.30
19.10
12.80
4.90
14.6

74.1-77.56
55-80*

52.3-805
18.4-305
12. 8-16. 75

6.06
11.8-225
91-96.75

Coal Burned per Square Foot of Grate in Reverberatory
Furnaces^

Hand reverberatory roasting furnace 3 to 8 lb.

Agglomerating or lead-reverberatory smelting
furnace 12 to 16 lb.

Copper-reverberatory smelting furnace 16 to 30 lb.

1 Journ. Soc. Chem. Ind., Feb. 27, 1915.
2 From Benson's "Industrial Chemistry." The Macmillan Co.
' Eitner's values.
* With oxygen.
' It is evident that the various observers have not standardized conditions.
• Bureau of Mines, 1915. Probably most reliable figures given.
' GRtJNEB, "Trait6 de Metallurgie G6n6rale."
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Puddling furnace 20 to 30 lb.

Heating furnace 30 to 40 lb.

Locomotive boilers (induced draft) 80 to 100 lb.

Ratio of Areas of Total Grate to Air Space

'

Coke 3:1 to 2:

1

Bituminous coal 3:3:1 to 2:1
Brown coal 5:1 to 3 :

1

Peat or wood 7:1 to 5 :

1

Combustion Data

Good modern practice

1 lb. coal average 13,500 B.t.u.

1 lb. coal (13,500 X 778) ^ (60 X 33,000)... . 5 . 3 hp.-hours.
Lost through grates 1 .00 per cent.

Lost boiler radiation 5.00 per cent.

Lost chimney gases 22 . 00 per cent.

Lost main pipes radiation 1 .56 per cent.

Lost au.xiliary pipes radiation 0.22 per cent.

Lost auxiliary exhaust 1 . 40 per cent.
Lost engine radiation 2 . 08 per cent.

Lost engine exhaust 57 . 31 per cent.

Total loss 90 . 57 per cent.

Converted to power 9 . 43 per cent.

Ringelmann's Smoke Chart

The following chart is convenient for estimating the density
of smoke from chimne3-s, both as a check on the completeness
of combustion and as evidence in case certain chimneys are
attacked as nuisances by owners of property near metallurgical

plants. (Use this chart at arms length. The original is a chart
3 X 24 in., supposed to be posted about 50 ft. away.)

1 Leitfader to EisenhutteDkunde, 1898, p. 104.
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Soap
No.
No.
9-in

9-in

No.
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Hints on Brick Laying

One ton of fire-clay ought to lay about 6000 brick. The com-
position in which they are laid should be, if possible, of the same
composition as the brick themselves, and the brick should be
dipped in a thin paste and laid, not laid in a mortar. In
general, the thinner the bond between the bricks the better the
work. The joints are the zones of greatest weakness and are
soonest attacked. For metallurgical furnaces it appears that
the denser the brick the less its absorption. Magnesite brick
are best laid in a suspension of finely ground magnesite in

anhydrous tar, or magnesite and linseed oil, or in a suspension
of magnesite in a 20 per cent, sodium silicate solution. Silica

brick are best laid in a thin paste of 60 fine sand, 40 fire-clay.

About %2 in. per foot should be left for expansion in a furnace
bottom.

Always store Refractories in a Dry Place

Magnesite bricks are good conductors of heat, and where this

conductivity would injure the armoring of the furnace, the
brick should be backed by asbestos or some other non-conduc-
tor. Great variations of temperature, or heating when they
are moistened with water or oil, will cause spalling. Magnesite
brick should not be subjected to great loads when hot.

For red-brick work 9 cu. ft. of sand and 3 bu. of lime will lay
1000 brick.

Brickwork Table ^

1 sq. ft. of 4J^-in. wall requires seven bricks.

1 sq. ft. of 133'|-in. wall requires twenty-one bricks.

1 cu. ft. of brickwork requires seventeen 9-in. bricks.

1 cu. ft. of fire-clay brickwork weighs 150 lb.

1 cu. ft. of silica brickwork weighs 130 lb.

1000 bricks (closely stacked) occupy 56 cu. ft.

1000 bricks (loosely stacked) occupy 72 cu. ft.

M. S. WoLOGDiNE has probably done the best work on the
thermal properties of fire brick. A. L. Queneau deduces,
among others, the following conclusions from Wologdine's
work

:

1. All terra cotta, building bricks and fire bricks have prac-
tically equal (ioefficients of heat conductivity'. The coefficients

are differentiated in' this class of refractory materials solely by
the temperature of burning and not by the character of the
clays or by their chemical composition.

2. In all refractory materials, including the special bricks,

such as chrome, magnesia, carborundum and graphite, the heat
conductivity is a direct function of the temperature of burning.

3. The coefficient of heat conductivity of chrome brick is

practically independent of the temperature.
4. There are remarkable variations in the permeabilitj' to

gases of the same bricks with increase in temperature. In
one case the permeability changed from 3.3 liters per hour to

1 Havard, "Furnaces and Refractories."
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241 liters per hour. This shows the importance of scientifically

selecting the clay niLxtures for a given work as for crucibles or
retorts where, as in zinc metallurgy, the permeability to gases
has a material influence on the metal recovery. In this con-
nection the nil permeability of graphite crucibles is to be noted.
Perhaps the same results might be obtained at a nmch reduced
cost bv substituting clav flakes for the graphite flakes proposed
by H."PuTZ (German pat. 198,840 of Sept. 29, 1907).

5. To secure efficient heat insulation, refractory materials
should be burned at the lowest allowable temperature. This
burning temperature is generally known; it is the maximum
temperature to which the bricks will be exposed in the furnaces.
The use of the maximum temperature is necessarj' in order to

prevent the brick from shrinking any further when set in the
furnace walls. Though this last fact is well known it is often
neglected, and a shortening of the furnace life is the result.

6. The gas permeability of the bricks of blast-furnace linings

must have an important bearing on their life, owing to the
destructive action of carbon monoxide in contact with the iron

oxide present in the brick.

There is no question that the absorption of metals by a fur-

nace bottom will be directly proportional to the air spaces in the
original brick; consequently in work with any of the non-ferrous
metals, the nearer the ratio of the specific gravity of the brick

in bulk to the true specific gravity of the constituent material
approaches unit}', the better the brick.

Short Description of the Common Refractories

Alundum.—Melting point, 20.")0'C.; specific heat, 0.195-
0.198 at 100°C.; thermal conductivity about twice that of fire

brick. Electric resistivitv, at 528°C., 130 megohms per cc;
at 730°, 16 megohms; at 892°, 5.3 megohms; at 1020°, 1.8

megohms. Coefficient of expansion, 0.0000071 per deg. C;
maximum cru.shing strength, 7J^ tons per square inch; tensile

strength, 1700 lb. per square inch. Specific gravity, 3.91.

Asbestos.—A very poor conductor of heat and refractory,

but will not stand molten slags. The composition of a typical

Canadian asbestos is: MgO, 40.07; FeO, 0.87; .\l2O3, 3.67;

SiOj, 39.05, H2O, 14.48; total 98.14%.
Bauxite.—Bauxite melts at 1820°C., but as bauxite shrinks

about 30 per cent, and crumbles in calcining, some silica must
be added to make a good brick. The washed bauxite is cal-

cined at from 1350° to 1400°, ground, pugged with about 4 per
cent, of a highly aluminous plastic claj', balled, dried and cal-

cined. The mixture is then ground, pugged again with claj'

and hand molded. Basic open-hearth brick should not contain

over 12 per cent, of silica. An anah'sis of an American bauxite
brick is: SiOj, 2 percent.; TiOj, 5 percent.; AI2O3, 90.5 per cerit.;

FejOs, 1 per cent.; and CaO, 1.5-2 per cent. The cru.shing

strength may be as high as 10,000 lb. per square inch, but in

general the bricks are weak.
Bull Dog.—This is a mixture of ferric oxide and silica made

by roasting tap cinder with free access of air. Tap cinder is a
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basic ferrous silicate—2FeOSi02 or thereabouts—and on roast-

ing it takes up oxygen, and gives a mixture of ferric oxide and
silica. As these do not unite, the substance is infusible in an
oxidizing atmosphere, but fuses in a reducing atmosphere,
ferrous silicate being re-formed. ^

Carbon brick—laj' in a mixture of tar and carbon dust.

Chrome.—Typical chromites used for refractories anah^ze
as follows (Eng. and Min. Journ., Oct. 24, 1908): Turkish:
CrzOs, 51.70 per cent.; FeO, 14.20; AI2O3, 14.10; MgO, 14.30;

SiOs, 3.50; CaO, 1.70; H2O, 0.30 per cent.; New Caledonian:
Cr.Os, 55.70 per cent. ; FeO, 16.60; .AJ2O3, 18.20 ; MgO, 9.80; Si02,

0.25; CaO, 0.25; MnO, 0.20; PjOs, 0.05; H2O, 1.05 per cent.;

Japanese: Cr203, 44.55 per cent.; FeO, 15.25; Si02, 5.4; CaO,
0.20; MgO, 19.10; AI2O3, 15.20; H2O, 0.30 per cent. Chrome
is unreliable above 1500°C.
Conducts heat two to four times as well as claj' brick. Makes

a good breaking joint between niagnesite and silica. Should
be used as little as possible in furnace bottoms on lead, copper,
silver, or gold work, as the cobbing is almost impossible either

to grind or to smelt. It is not so strong as alumina, nor so

resistant to high temperatures.
Clay Brick.—Probably as fine a quality of claj- brick is needed

in the shafts of iron furnaces as anywhere. Two typical

bricks for this purpo.se are given by H.ward as follows: (1)

Loss on ignition, 0.07; SiOz, 54.44 ;'Fe203, 2.53; AI2O3, 40.01;
CaO, 0.18; MgO, 0.53; K2O, 2.24. Crushing strength, pounds per
square inch, side, 5098; edge, 3840; end, 2693. Specific gravity,
true, 2.34; in mass, 2.03. Porosity, 12.93 per cent, of volume.
Expansion, 0.042 in. per foot. (2) Loss on ignition, 0.07;
Si02, 56.07; Fe203, 3.32; .\l2O3, 39.00; CaO, 0.12; MgO, 0.18;
K2O, 1.30. Crushing strength, pounds per square inch, side,

5248; edge, 2170; end, 2710. Specific gravity, true, 2.43; in

mass, 2.10. Porosity, 13.30 per cent, of volume. Expansion,
0.064 ia. per foot.

Some TmcAL Refractories Analyses

o
Loss Total

Briesenclay 139.93 44.88 0.08 0.21 0.99 0.52
Saaran clay 36. 7o 49.00 0. 56 0.80 1 0.41, 0.37
Striegau clay. . . . 29.65 53.02 0.78 1.15 3.40^ 0.55
American fire brick 32 . 07 62 . 20 . 65 . 70 4 . 01

13.41 100.07

openClay for
hearth
N. J. clay for zinc
retorts
Missouri clay for
zinc retorts

42.12,44.00,0.10 0.24 0.86

37.50 45.00 0.30 1.00 0.70

34.46 49.5 0.62 0.80 2.39

0.50

11.87
10.91

...114.20

1.5 13.50

. . .12.86

99.76
99.46

' Sexton,
'FeO.

' Fuel and Refractory Materials."
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A general formula for determining how refracton' a clay is,

is given by Bischof (cf. Havard's "Furnaces and Refractories,"

p. 61). If Q be the refractory coefficient, a the oxygen content
of the alumina, 6 that of the silica, and c that of the fluxes,

then

Q =
6c

If Q is between 2 and 4 the clay will make a third-grade fire

brick; if between 4 and 6, a second-grade fire brick; from 6 to

14, a first-class fire brick.

Crystolon.—Crystallized silicon carbide (SiC)—does not fuse

at 2700°C. Conducts heat a little better than alundum {q.v.).

Electric resistivity, at 320°C., 31.8 megohms per cc; at 650°C.,
6.3 megohms; at 809°C., 3.2 megohms; at 940°C., 1.0 megohms*
at 1040°C., 0.4 megohms. It is not affected by acids or acid

vapors, except hydrofluoric, but reacts readily with alkalis,

alkaline carbonates and alkaline sulphates, and, at elevated
temperatures, with the oxides of practicallj' all metals. Coeffi-

cient of expansion, 0.0000045 per deg. C.

Dinas brick—a classic English brick made in South Wales.
Composition: SiOj, 96.80 per cent.; AI2O3, 0.92; FezOj, 0.50;

CaO, 1.20; alkalis, 0.20. It is essentially a silica brick with
lime as a binder. In America this is known as ganister.

Dolomite.—Analvses of typical dolomites (from Harbord's
"Steel," p. 212) are: Raw, SiO,, 1.10 per cent.; FcOj and
AI.O3, 1.64; CaO, 33.20; MgO, 19.60; CO2, 44.30 per cent.

Calcined, SiOj, 3.66 per cent.; Fe^Os and AI2O3, 4.80; CaO,
55.50; MgO, 34.83; COo, 1.06 per cent.

Fibrox—a fibrous silicon oxycarbide, formed in the pre.sfence

of certain catalytic agents, of which calcium fluoride is one, by
the reaction between vapors of silicon and carbon monoxide or
dioxide. ' It is a soft, resilient, fibrous material, the average
diameter of the fibers being stated by E. Weintraub of the
General Electric Co. as being about 0.6^, or about the wave

Thermal ohms

Density
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length of yellow light, or about one-twentieth that of fine cot-

ton fiber. Its apparent weight is about 23'^ to 3 grams per
liter, its real specific gravity about 1.84 to 2.2. It is claimed
to be the best heat insulator known. It oxidizes slowly above
1000°C.
The effect of the density on the heat resistivity of fibrox

at temperatures of 200° and 500° is shown by the foregoing
table :i

Ganister—another classic English refractory. A typical
analvsis, from Harbord: Si02, 94.60 per cent.; AI2O3, 1.40;

Fejds, 0.90; CaO, 0.48; MgO, 0.16; alkalis, 0.14; water, 2.60
per cent.

Lime.

—

Fitzgerald reports that lime fused in the electric

furnace may be a very useful refractory. It is a better con-
ductor of heat than ordinary lime. Blocks cut from it resist

quick heating followed by sudden cooling. Fused lime resists

exposure to moist air remarkably well, hydration being a
matter of days.

Magnesite—composition, Federal brick: SIOq, 1.46 per
cent.; AI2O3, 1.50; Fe203, 7.58; CaO, 3.14; MgO, 86.36 per cent.

Conducts heat two to four times as fast as clay brick. Usu-
ally laid dry, or in a paste made of magnesite clay and 20 per
cent, water-glass solution. Magnesite can only be considered
"dead-burned" when the final ignition temperature exceeds
1800°C. The greatest objection to magnesite is its cracking
when heated to a high temperature. This is due to its shrink-
age; a piece of magnesite heated to 350° may have a density of

3.19, while electrically fused its density will be 3.65.

Silica Sand.—An analysis of the sand used for furnace bottoms
in Swansea is (from Percy): Si02, 87.87 per cent.; AI2O3, 2.13;
Fe203, 2.72; CaO, 3.79; MgO, 0.21; volatile, 2.60 per cent.

Silica melts at 1750°, after softening at 1500° and becoming
glassy at 1700°C. It expands on heating and does not return
exactly to its former volume. In general, silica brick are highly
refractory, porous, of low specific gravity, brittle and hard to
cut, poor conductors of heat, inelastic, and not resistant to sud-
den changes of temperature. The compressive strength is

about 1900 to 4000 lb. per square inch. A typical American
silica-lime brick analyzed as follows: Si02, 93.92 per cent.;

FesOs, 0.79; AI2O3, 3.07; CaO, 2.55; MgO, 0.18; porosity, 18.58
per cent, of volume, expansion, 0.188 in. per foot. Another
brick gave 0.346 in. per foot expansion.

SUoxicon—a more or less oxidized carborundum, the amorph-
ous crystolon of the Norton Co.

Zirconia—a pure white refractory of a density of about 5.9

and a melting point of about 2950°C. Its first important use
was to replace the calcium-oxide cylinders in the Dritmmond
light. Used also in the first Welsbach experiments. Its heat-
conducting power is not over half that of firebrick. Has been
used as a lining of a Siemens-Martin furnace with good results.

> From a paper presented at the Atlantic City Meeting, American Electro-
chemical Society, Apr. 22, 1915.
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Owing to its thermal conductivity a 2-in. lining of zirconia is

equal to 4 in. of chamotte. It is practially unaffected except
by molten fluarides and bisilicates.

All binding materials tend to lower the melting point of zir-

conia. In lining furnaces or other metallurgical apparatus,
natural zirconia can be mixed with anhydrous tar as a binder,
in which case wooden forms are generally used. These are
allowed to remain in place and consumed during the initial

heat. The temperature should be raised slowly at first, while
burning out the tar, after which a temperature of at least

1400°C. must be maintained for about 48 hr. Natural zirconia
begins to fuse at about 1800°C., and at about 2000°C. there is

a noticeable volatilization of silica and other impurities.

In the manufacture of natural zirconia brick, muffles, cruci-

bles, etc., about 2 per cent, of air-slacked lime as a binder has
been used with success. In practice, a batch composed of 75
per cent. 100-mesh zirconia, 23 per cent, of 10 mesh, and 2 per
cent, of slacked lime, is worked into a plastic with a 3 per cent,

solution of 38°Be. sodium silicate. The bricks or ware are
then pressed from this and allowed to thoroughly dry in a
warm atmosphere. The procedure from this point on is the
same as in the burning of ordinary refractories, except that a
temperature of at least 1400°C. is necessary to secure the proper
vitrification.

As the density of zirconia is rather high (about 5.0), it has
been suggested where imperviousness is not desired, that the
incorporation of certain organic substances or volatile salts

MELTING POINTS OF FIRE BRICK
Alumina 2100° (e), softens 1970°C.(e)
Alundum 2050°C.(a)
Bauxite 1820°C.(6)
Bauxite brick 1620-1785°C.(a)
Bone-ash cupel 1865°C.(c)
Carborundum Decomposes at 2220° with fusing. (?^)

Chromite 20.50°C. (a) ; 2180°({)) ; 1545°-1730°. (c)

Clay brick, 1st class 1555-1740°C.(a)
Clay brick, 2d class 1400-1 650°C.(e)
Diatom nonpareil brick 900°C. (d)

Dinas sihca
'

1680°C.(c)
Kaohnite (pure) 1740°C.(6) 1830°. (e)

Lime (CaO) Softens about 2040°C.(e)
Magnesia 2720°C.(a), softens about 2500°C.(e)
Magnesite brick 2165°C.(a), softens about 2000°C.(e)
Silica 1700-1705°C.(a)
Silicon carbide 2700° 4- C.(a)

(a) According to Bureau of Standards,
(6) Bull. Tech. A. et M., July, 1913, p. 728.
(c) W. H. Patterson-, "Brit. Iron and Steel Inst. Carnegie Scholarship

Memoirs," No. 6, p. 231, 1914.
(d) Information from manufacturers. An insulator, not a refractory.

(e) F. T. Havabd, "Fuels and Refractories."
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which would be destroyed during firing, thus producing small
uir cells, might serve to lighten the finished product without
impairing its efficiency. Sawdust, cork dust or certain am-
monium salts might prove of value for such aeration.

Using pure zirconium oxide with 3 to 10 per cent, of magnesia,
and using starch, phosphoric acid, glycerin or borates as binders
very remarkable heat-resisting ware can be manufactured.
The forms are dried for several davs at a low temperature and
then fired in the electric furnace at 2000-2300°C. Owing to
the low coefficient of expansion this ware can be plunged red-
hot into water without cracking.
Fused silica—thermal conductivity high. Melting point,

1430"C. Sp. gr.. 2.5-2.(). Specific heat, 0.776. Coefficient of
exj)ansion, 0.00000539 per deg. C.

Testing Refractory Materials under Load.—The melting
point of various clays used in the manufacture of firebrick and
retort material was found to be 200°-320°C. lower when the
clay was under pressures of 54 to 112 lb. per square inch.

It should be remembered that it also often occurs that a very
refractory material, as tested alongside Seger cones, will not
stand up under a load. Thus. China clay tested by Dr. Mellor
yields at 1410°C., but does not fuse until 1770°C., while fireclay

bricks yielding under equal loads at 1435°C. fused at 1710°,

and siliceous brick yielding at loS0°C., melted at 1750°C. In
general the higher the silica content the greater the temperature
resisted.

The following procedure is recommended in tentative tests

submitted bj' the Committee on Refractories of the American
Society for Testing Materials. A full-sized brick on end is

heated under load under specified conditions and the resulting

deformation measured. A furnace is described. It is heated
by two tangentially di-sposed burners—gas or oil—the flames
from which are separated from the brick by a cylinder of alun-
dum. The brick should be uniformly heated and its tempera-
ture measured by a thermo-couple, the junction of which is 1 in.

from a face of the brick. Alternatively an optical pyrometer
may be used. The brick rests on a highly refractory block,

e.g., of carborundum, placed at the center of the furnace, and
carries another block of the same material which projects
through the top of the furnace. The load is applied to this

block by means of a cross beam, supported on guide pillars and
carrying weights attached at each end so as to apply a pressure
on the brick of 25 lb. per sq. in. The specimen is heated to
the test temperature in 4^9 hours and maintained there for IJ^
hours. Silica material is tested at 1500°C., high-grade clay

goods at 13o0°C., medium at 1300°C., and low-grade at llOO^C.
The cooling is slow and lasts 5 hours at least. The length of

-the brick is measured to 0.02 inch before and after test.

Slag Penetration.—Tests involving the total immersion of a
brick in a bath of molten .slag did not give uniform results,

besides requiring large and elaborate apparatus. The best

results were obtained by studying the absorption of liquid slag
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in a pocket drilled into one face of the brick. The drill was
pointed at an angle of 150°, and cut a hole 23-2 in. in diameter,

the depth at the side being }4, in. The hole was cleaned out,

and the brick then heated to 1350°C. A known quantity of

powdered slag was placed in the pocket, and after maintaining
a temperature of 1350°C. for 2 hours, the brick was allowed to

cool. When cold it was sawn in two, so as to bisect the original

cavity at the center, thus exposing an area of penetration of the

slag. This area was measured by means of a planimeter. In-

creasing the duration of the test above 2 hours had no great
effect, neither had the fineness of the slag, although it was usu-

* ally ground to pass a 40-mesh sieve. Increasing the quantity
of slag taken did not markedly affect the area of penetration
if corrected for the differing area of contact.

Crushing Test.—The brick to be tested is ground so that
opposite faces are parallel, measured, and heated in a furnace
to 1350°C. The time taken to heat up should be at least 6

hours, and the temperature of 1350°C. should be maintained
for 2 hours. The brick is then quickly placed in position in a
testing machine of standard type, with asbestos board above
and below the specimen. The crushing weight is determined.

Brick for Rotary Cement Kilns.—\Miile it might be supposed
a basic brick would give the best results in cement kilns, accord-
ing to W. Hamilton Pattersox (British Iron & Steel Institute

Carnegie Scholarship Memoirs, Vol. 6, 1914) an exceedingly
satisfactory brick was: SiO;, 73.2 per cent.; AUOj, 18.3 per
cent.; Fe203, 6.5; Ti02, 0.4 per cent.; CaO, 0.4 per cent.;

MgO, tr; alkalis, 0.50 per cent.; loss on ignition, 0.22 per
cent. The melting point was 1735°C. His explanation of the
success of such a brick is that it fuses on the surface and forms
with a cement clinker a protective coating. The question of

protective coatings may thus be an important one in judging
firebrick.

Brick for Gas Retorts.—According to F. J. Btwater {Journ.
Gas Lighting, 1914, p. 899) silica retorts have recently been used
in America with satisfactory results. The retorts were made
from crushed ganister quartz (95 per cent. SiOs), with 2 per
cent, milk of lime as binding medium. They were of D-section,

and were built up from bricks and tiles. The expansion on
heating was }^ fo Ke in. per foot, and was allowed for by mak-
ing the joints either with thick paper or strawboard, which
burned away leaving a thin carbon joint, or with cement con-
sisting of mild aluminous clay, which shrank when heated.
The mouthpiece ends of the retorts were made of solid moulded
fireclay so as not to crack when cooled by the opening of the lid.

The retorts were used with various types of hydraulic discharg-
ing raarhines. In some cases less carbon was formed on the
inside of the silica retorts and the surface became glazed, facili-

tating discharge by pushers. The life of the retorts was 314 to

4 years. The thermal conductivity was greater than with clay

retorts, the fuel consumption was less, and the output greater

owing to the shorter period required for burning off the charge.
20
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Seger Cones
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Seger Coxes and Their Softening Temperatures

Estimated



452 METALLURGISTS AND CHEMISTS' HANDBOOK

Metallic Salts as Fusion Pyrometers*

Salt
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Color Scales^

453

White and Taylor
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Heat Emissivity of Various Surfaces'

Black body. 1 .00
Copper, oxidized . 72
Copper, calorized . 26
Silver 0.03
Cast iron, brip;}it . 22
Cast iron, oxidized*. 0.62
Cast iron, aliuninum painted 0.50
Cast iron, gold enamelled 0.37
Monel metal, bright 0.43
Monel metal, oxidized 0.43
Brick surfaces (probably) 0.60-0.75

DlFFTTSn'ITY^

Aluminum ....
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Heat Conductivities of Refractories'

Specimen Chem.
analysis

Temp,
range of

measure-
ment

Acs

Mean
k

Remarks

Fire-clay
brick
(Farnley).

Fire-clay
brick
(Farnley).

Silicious
brick
(Farnley).

Silica

brick
(Gregory).

Magnesia
brick
(Mabor).

SiOj
AliOi
FeiOi
CaO
MgO
Alk.

66.0 m'
31.0 ...
1.2 ...

0.3
0.9
1.0

As above

SiOj
I

82.5
AIiOjI 16.1
FejOal 1.2
CaO & MgO

Tr.
Alk. 1.3

SiOj
AliOj
FeO.
CaO

SiOj
AhOi
FeiOj
CaO
MgO

95.3
2.0
1.1
1.5

5.0
0.4
1.6
1.7

92.1

1.95 2.54

m'

IW

2ii'

2W

1.90

1.82

1.75

1.74

2.67

2.53

2.32

2.32

2Vi' 2.40 3.51

825
970
1080
1440
1100
1350

1005
1020

1300

1240

995

260,0.0029
300 0.0029
330 . 0036
5.50 . 0040
420 0.0033
510 0.0039

0.00165
0.00120

310

440

295

0.0025

0.0039

0.0030

1210
1395

380
560
600
700
.750
875
1025
1040
1370

37010.0035
440 0.0042

27oIo.0170
32.5 0.0151
4000.0148
450 0.0132
470 0.0116
525:0.0110
5800.0101
590 0.0098
690 0.0091

Hard fired to
Seger cone
10—11 ap-
proximately.

1 .\nother
J specimen.
o
Soft fired to
Seger cone
8—9 approxi-
mately.

With many
silica grains.

1 Another
/ specimen.
Both coarse
grained.

Finer grained
than the
above.

The chemical analysis and porosity dat^ were not derived from measure-
ments on the actual test brick but on similar specimens of the same make.
They will correspond approximately with those of the test bricks.

1 G. DocoiLi,, H. J. HoDSMA-N, and J. W. Cobb in Joum. Soc. Chem. Ind.,
May 15, 1915.
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Heat Conductivities of Refractory Materials^
(See also Table on pp. 455 and 456.)

Material

Heat conductivity

Gallons cal.

sec. p. sq.
cm. p. cm. p.
1°C. diff.

Kg. cal. hr.

p. sq. m.
per m. p.
1°C. diff.

Relative
per cent.

Graphite brick
Carborundum brick

.

Magnesia brick
Chromite brick
Fire brick
Checker brick
Gas-retort brick ....

Building briq^
Bauxite brick
Glass pot
Terra cotta
Silica brick
Kieselguhr brick

.025

.0231

.0071

.0057

.0042

.0039

.0038

.0035

.0033

.0027

.0023

.0020

.0018

9.0
8.32
2.54
2.05
1.50
1.42
1.36
1.26
1.19
0.96
0.84
0.71
0.64

100.0
92.4
28.4
22.8
16.7
15.8
15.2
14.0
13.2
12.4
9.3
7.8
7.1

The above are average conductivities only. The conductiv-
ity varies with the porosity, permeability, size, character and
number of grains and pores in the brick, the temperature at
which the brick was burned and the temperature at which it is

used. In general the conductivity is greater the higher the
temperature at which the brick is burned. Thus, a clay brick
burned at 1050°C. has a conductivity of 1.32, while the same
brick burned at 1300°C. has a conductivity of 1.81 (Havard).
The conductivity also increases with increase of temperature of

the experiment.
Arch Construction^

Showing way of covering over a
flue on a small furnace without use
of an arch. This is practical to
spans as large as 30" to 36". This
form of construction is particularly-
applicable where a flat covering is

advantageous.

' Havard, "Furnaces and Refractories," p. 280.
* Metallurgical and Chemical Engineering, November, 1913.

Showing manner of laying a
"dutch arch," simple and cheap for
spans up to 30" to 40" or even
larger. This form of construction
is particularly good where flat cover
of larger size than the preceding is

desired.



SECTION IX

MECHANICAL ENGINEERING AND
CONSTRUCTION

CAPACITY OF BELT CONVEYORS'
By R. W. Dull

Chief Engineer, Stephens-Adamson Mfg. Co.

The capacity of belt conveyors is a subject uptfh which vari-

ous engineers diffw materially in results they have published.

We suspect that most of the matter published is purelj' theo-
retical and not based on actual performance.

There arc several conditions which influence the capacity
rating; the main one, and the one wc will first discuss, is the
manner of feeding the conveyor. If the conveyor is fed with a
feeder, the maximum capacity is possible, but if the feed is

intermittent, the capacity will, of course, be proportionately
less. It is usuall}' an advantage to put in a feeding device of

some kind if the feed is irregular, as it is often possible to cut

down the size of the conveyor, which difference in cost will

more than pay for the cost of the feeding device, as well as cut
down the size of the driving connections. Uniform loading of

the belt also makes the operation of the conveyor less trouble-

some and usually is desirable in the different processes through-
out a plant.

I have made a chart, which is based on good feeding condi-

tions, as we must have some basis from which to start. This
chart has curves for various kinds of material, based on the

belt speed which I recommend that they should run for the

pai^ticular kind of material. This speed is given in the curves.

If good feeding conditions are not obtainable, allowance must
be made on the chart. This is a condition which varies so

much we cannot set down any rigid rule, but must leave it to

the judgment of the user of the chart to make proper allowance.
Variation as great as 50 per cent, is likely and certainly many
where 75 per cent, of chart rating is advisable.

Materials undoubtedly will be handled which are not given

in the chart, but as a similar substance can be selected, the

chart can still be used.
The speed of the belts carrying various substances has been

studied carefully to suit all conditions, as for instance, lump
coal and coke, if carried too fast, will be broken up too much

1 "The Chemical Engineer." Vol. X, No. 2.

458
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to suit the market; and again, very fine material, if carried too
fast, will make the mill too dusty.

Some of the curves are stopped off at a certain size belt, as

with large pieces, it is not advisable to use a conveyor any nar-

rower, regardless of what capacity is required.

Material with large lumps, on an inclined conveyor, will be
apt to roll back some, so tlie capacity allowance should be liberal,

and the speed should be reduced slightly, if the conveyor is

carrying material down an incline, as the motion of the belt will

start the lumps rolling down. These lumps may possibly jump
out of the trough of the belt.

5eiO

500
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12-in. belts, too long, for the material will shift some and lose

off before it reaches the end of the conveyor, and liberal allow-

ance in capacity should be made if such a conveyor is installed.

The problem of belt conveyor capacity should be studied
carefully and the allowances should be liberal. There have
been very many disappointments in results caused by a too
hasty decision or too great a desire to keep the first cost down.
Most firms are willing to help the purchaser, and it is usually

a good plan to take up the matter of capacity with the manu-
facturer. It is not always easy for the manufacturer to find

out all the conditions within so short an interval of time as he
usually has at his disposal, and unless the manufacturer has
had considerable experience with this type of conveyor, the
purchaser may be led to install apparatus which gives him very
disappointing results.

Capacity of Belt Co>rvEYORS in Tons of Coal per Hour'

Width of
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The New American Standard for Flanges and Flanged
Fittings

Standard
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Thk New A.mkrican Standard for Flanges and Flanged
Fittings. Continued

Standard
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The New American Standard for Flanges and Flanged
Fittings. Continued

Standard
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The New American Standard for Flanges and Flanged
Fittings. Continued
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The New Aiiericax Standard for Flanges and Flanged
Fittings. Continued

M*'
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The New American Standard for Flanges and Flanged
Fittings. Continued

W-±£
,>?>
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Safe Loads for Ropes and Chains

(In pounds)

Prepared by National Founders' Association

Caution: When handling molten metal, wire ropes and chains should be
25 per cent, stronger than indicated in table.
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ANNEALING CHAINS'

For many years The Travelers Insurance Company has
recommended the periodical annealing of chains that are subject

to severe usage, such as those that are used on cranes, dredges,

and chain hoists, and for slings and for other heavy work,
although many prominent authorities firmly believe that such
treatment is inadvisable. A recent canvass of a considerable
number of chain manufacturers shows that those in favor of the
annealing process outnumber those opposed to it by about
five to one, although the advocates of annealing are not in

harmony as to the methods employed, the frequency of anneal-
ing, the temperature to which the chains are to be subjected, or

the length of time required to insure good results.

All chain manufacturers, and practically all chajn users, are

aware of the fact that rough usage, shocks, and twists tend to

weaken chains. A change gradually ^ccurs in the molecular
composition of the material, and the strength of the chain
becomes serioush' impaired. This is known as "fatigue" of

the metal. There may be no visible evidence of this deteriora-

tion, although a careful microscopic examination would doubt-
less disclose a multitude of small cracks; but a person accus-

tomed to the use of chains knows that deterioration is going on,

and that eventually the chains will fail. ^Mien a chain has been
in service for a sufficient length of time to make it unsafe for u.se

at the load for which it was originally designed, it would be
desirable to discard it, or at least to use it only for lighter loads;

but such a course is not always practicable, nor, according to the

views of the advocates of annealing, is it necessary, because the

process of annealing counteracts the effects of fatigue and
restores the chain to nearly its original strength.

As to the proper method of doing the work, a pjTometer-
controlled muffle furnace is the best thing possible. Open fires

are bad because it is difficult to guess the temperature of the

chain, and impossible to hold the temperature steady. The
Committee on Heat Treatment, of the American Society for

Testing Materials, recommends the following annealing tem-
peratures.

Carbon content Annealing temperature

Less than . 12 per cent 875-925°C. (1607-1697°F.)

.
12-0 . 2.5 per cent 840-870°C. (1 544-1 598°F.)

0.30-0.49 per cent 815-840°C. (1499-1544°F.)

0.50-1.00 per cent 790-815°C. (1454-1499°F.)

If an open fire must be used, heat to a cherry red in a wood
fire, then let the fire die out, and allow the chain to cool in the

ashes.
Various methods for testing chains are employed by persons

who have no faith in the annealing process. The method advo-
cated by the Yale & Towne Manufacturing Co. and by the

Brown & Sharpe Manufacturing Co. is to make use of a gage 3

' From the "Travelers Standard," p. 122, 1915.
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ft. long. Every new chain is marked with a prick-pimch at
intervals of 3 ft., and at each subsequent inspection of the chain
the prick-punch marks are compared with the gage. If it is

found that a section of the chain between two of the marks has
stretched by an amount equal to one-third of the length of a
link, the chain is considered unsafe and is condemned, or is used
in some place where it will be subjected only to light loads. It

is sometimes found that only a single section of the chain must
be discarded. The experience of users of chains who have
adopted this method for testing them has been satisfactory, in

the main, and accidents from breaking chains have been
materially reduced by it. Manifestly, however, it would not
apply without modification to chains having unusually large

links.

Many authorities on chains, even though admitting that
sling chains should be annealed, insist that block chains that

pass over sheaves should not be treated in this way. The dan-
ger from molecular changes caused by overloading the chains
may be greatly diminished by proper annealing, but when dis-

tortion of the links occurs in block chains the chains no longer
fit the sheaves, and excessive wear results, often accompanied by
severe and badly distributed stresses. No amount of annealing
can restore the links to their original lengths, and the only prac-
tical remedy, when such distortion has occurred, is to substitute

new chains.

FIBER ROPE KNOTS AND HITCHES—AND HOW TO
MAKE THEM

The principle of a knot is that no 2 parts which would move
in the same direction if the rope were to slip, should lie alongside

of and touching each other. This principle is clearly shown in

the square knot (I).

A great number of knots have been devised, of which a few of

the most useful are herewith illustrated by courtesy of C. W.
Hunt Companj', of New York. In the engravings they are
shown open, or before being drawn taut, in order to show the
position of the parts. The names usually given to them are:

A. Bight of a rope.

B. Simple or overhand knot.
C. Figure 8 knot.
D. Double knot.
E. Boat knot.
F. Bowline, first step.

G. Bowline, second step.

H. Bowline, completed.
1. Square or reef knot.
J. Sheet bend or weaver's knot.
K. Sheet bend with a toggle.

L. Carrick bend.
M. "Stevedore" knot completed.
X. "Stevedore" knot commenced.
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O. Slipknot.
P. Fiemish loop.

Q. Chain knot with toggle.

R. Half-hitch.

S. Timber-hitch.
T. Clove-hitch.
U. Rolling-hitch.
V. Timber-hitch and lialf-hitch.

W. Blackwall-hitch.
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X. Fisherman's bend.
Y. Round turn and half-hitch.

Z. Wall knot commenced.
AA. Wall knot completed.
BB. Wall knot crown commenced.
CC. Wall knot crown completed.

DD to HH. Eye splice commenced and completed.

The bowline (G) is one of the most useful knots; it will not
slip, and after being strained is easily untied. It should be tied

with facility by everyone who handles rope. Commence by
making a bight in the rope, then put the end through the bight
and under the standing part, as shown in the engraving, then
pass the end again through the bight, and haul tight.

The square or reef knot (1) must not be mistaken for the
"granny" knot that slips under a strain. Knots (H, K and
M) are easily untied after being under strain. The knot (M) is

useful when the rope passes through an eye and is held by the
knot, as it will not slip, and is easily untied after being strained.

The wall knot looks complicated, but is easily made by pro-
ceeding as follows:

Form a bight with strand 1, and pass the strand 2 around the
end of it, and the strand 3 around the end of 2, and then through
the bight of 1, as shown in engraving Z. Haul the ends taut,

when the appearance is as shown in the engraving AA. The-
end of the strand 1 is now laid over the center of the knot,
strand 2 laid over 1, and 3 over 2, when the end of 3 is passed
through the bight of 1, as shown in the engraving BB. Haul
all the strands taut, a^ shown in the engraving CC.
The "stevedore" knot (M), (N) is used to hold the end of a

rope from passing through a hole. When the rope is strained
the knot draws up tight, but it can be easily untied when the
strain is removed.

If a knot or hitch of any kind is tied in a rope, its failure under
stress is sure to occur at that place. Each fiber in the straight

part of the rope takes proper share of the load, but in all knots
the rope is cramped or has a short bend, which throws an over-
load on those fibers that are on the outside of the bend and one
fiber after another 'breaks until the rope is torn apart. The
shorter the bend in the standing rope, the weaker is the knot.

The curvature of wire ropes over pulleys should be such that the bending
stress plus the load stress will not produce a tension in the wires greater than
the elastic limit.

The bending stress in lb. = =

2.06f + c
d

where E — the modulus of elasticity; R = radius of bend in inches; d =
diameter of the individual wires in inches; and C = a constant depending on
the number of wires in the strands (for 7-wire rope C = 9.27; for 12-wire,
12.36; for 15-wire, 15.45).
The tension of a rope is measured by its sag at the center of the arc. Let

h = deflection in ft.; w = wt. of rope in lb. per running foot; t = tension;

I = chord of arc in ft.; then h = -^'
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Formulas for Pumps and Piping*

To find Given Formulas

1 . Pressure in lb. per
sq. in. = P.

I

2. Head in ft. = H.

3. Horsepower re-

quired to raise water
(theoretical).

|

4. Volume of water
discharged by pipe
(neRlecting bends

|

and friction).

I

5. Theoretical capac-
ity of eingle-acting

jpump.

6. Dia. in in. of
single-acting pump
to deliver given num-
ber of gals, per
stroke.

|

7. Feet head lost by
friction in pipes = F.

Head in ft. = //

Pressure in lb. per
sq. in. = P.

Gal. per min. = G.
Head in ft. = //.

Internal dia. of pipe
in in. = D.
Head in ft. = //.

Length of pipe in
yards = L.

-Area of ram in
in. = A.

Stroke in in. = S.
So. of strokes per
min. = .V.

Gal. per stroke =

Stroke in ft. = S.

8. Approx. weight of
water in vertical
pipes in lb. = R'.

9. Thickness of cast-
iron pipes in in.
= T.

10. Delivery per
stroke of single-act-
ing pump.

11. Speed of water
through pipes in ft.

per sec.

Gal. per min. =(7. I

Length of pipe in
yards = L.

Internal dia. of pipe '

in in. = D.
\

Internal dia. of pipe
in in. = D.
Length of pipe in

yards = L.
\

Internal dia. of pipe
in in. = D. ',

Pressure in lb. per
sq. in. = P.
Dia. of plunger in
in. = D.
Stroke in ft. = S.

Area in pipe in
[

in. = A. ^

Discharge in
ft. per mi
F.P.M.
H = head.
ff
= 32.2.

12. Velocity in ft.

per sec. due to head
- r.

13. Head from ve-
locity.

14. Imperial gallons. .

15. Cubic feet i Gallons (Imperial)
= 6-.

Cubic feet

P = H X 0.433.

H = P X 2.312.

H.p. = -„-^
3,300

Gal. per min.: = 28 ^^'^^

Gal. per
AX.SX.VX6.25 .

1728

Dia. of pump = \/^
(allowing 5 per cent, waste)

.

G^XLF =
{3D)'

IT = Z)J X L.

4,000
+"•"*

Gal. delivered
per stroke

D'- X S
31

(allowing 5 per cent, waste).

Velocity F.P.M. X 2.4
ft. per sec. =

V = \/2gH

H =
2ff

Imperial gallons = C X 6.25.
Cubic feet = G X 0.16.

1 G. S. BcBBOWs, in American Machinist, Aug. 20, 1914.
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Water Pressure at Various Heads

Feet
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Horsepower (Theoretical) Required to Compress 100
Cu. Ft. Free Air to Various Pressures'
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Approximate Cubic Feet of Free Air and Working Pres-
sure Required to Raise 1 Gal. of Water by Air Lift'

,^ _ L fl = Submergence in feet.

L = Lift in feet.Log "
t,

^^
X 292.5

Ft. lb. working power = submergence X 0.4465 + 7 lb.

V » Volume of free air per gallon in cubic feet.
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Approximate Ctstbic Feet of Free Air and Working Pressure
Required to Raise 1 Gal. of Water by Air Lift—Continued.

66 per cent.
2-1

70 per cent.

400
450
500
550
600
650
700
750
800
850
900
950
1000

,0150.17
,021 0.20
,028 0^23
035 0.26

038 0.28

0490.33
0620.37
.076 0.42 141
.088 0.46 163
.101 0.5011

.IhIo. 541208

.1270.58J230

.151 0.67 286

.18l'0.76'342

.211 0.84j398
,2420.93'453
,275,1.02 509
306 1.09,565
,343' !...
369 I...

,402, 1.. .

435: . . .

468 1...
507' '...

533
I

. . .

564i ...

5991. ......
634.. .|.,

.014

.021

^28
.032

.037

.050

.062

.076

.089

.103

.109'

,121

152

184
214

247
282
.308
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Air Lifts—Ratio of Lift to Submergence^

Lift Submergence
Up to 50 ft. 70-66 per cent.
50-100 ft. 66-5.5 per cent.

100-200 ft. 55-50 per cent.
200-300 ft. 50-43 per cent.
300-400 ft. 43-40 per cent.
400-500 ft. 40-33 per cent.

METALLURGICAL CONSTRUCTION

Allowable Unit Strains For Metallurgical Works^
Substructure

Foundations.—Pressure on foundations not to exceed, in tons
per square foot:

Soft clay
'.

1

Ordinary clay and dry sand mixed with clay 2
Dry sand and dry clay 3

Hard clay and firm, coarse sand 4
Firm, coarse sand and gravel 6

Masonry.—Working pressure in masonry not to exceed, in

tons per square foot:

Common brick, Rosendale-cement mortar 10
Common brick, Portland-cement mortar 12 •

Hard-burned brick, Portland-cement mortar 15
Rubble masonry, Rosendale-cement mortar 8
Rubble masonry, Portland-cement mortar 10
Coursed rubble, Portland-cement mortar 12

Fist-class masonry, sandstone 20
First-class masonry, limestone 25
First-class masonry, granite 30
Concrete for walls:

Portland cement 1-2-5 20
Portland cement 1-2-4 25

Pressure on Wall-plates.—The pressure of beams, girders,

wall-plates, column bases, etc., on masonry shall not exceed the

following, in pounds per square inch:

On brickwork with cement mortar 200
On rubble masonry with cement mortar 200
On Portland-cement concrete 350
On first-class sandstone 400
On first-class limestone 500
On first-class granite 600

1 Sullivan Machinery Co., Bull. No. 71-A.
* "Specifications for Structural Work on Buildings," A. S. M. E.
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Costs of Some Metallurgical Plants^

Character of plant Capacity per 24 hours Cost

Iron blast furnace
[
300 tons of pig iron $650,000

Acid bessemer with four cupo- 2000 tons of steel 900,000
las and hot-metal reservoir. <

Acid open hearth, ten 50-ton 1000 tons of steel 1,500,000
furnaces.
Basic open hearth, ten 50-ton 1000 tons of steel 1,650,000
furnaces.

i

j

Rolling mill. Starting with ingots 20 in. 1,250,000

I
square, weighing about 5000 to

I
lb., consisting of 36-in. bloom- 1,500,000
ing mill and 28-in. structural
mill.

_ _

I

Copper smelting and convert- Partial pyritic smelting of , 1,250,000
ing. : 1000 tons of ore to 100 tons

I of 45 per cent, matte.
Lead smelting 500 tons of mixed lead ore 250,000
Parkes desilverizing 100 tons of lead bullion

j
250,000

Moebiup electrolytic parting. . . 30,000 oz. of dor6 bullion 20,000
Electrolytic copper refining, 100 tons of copper, from pig to

|
500,000

multiple process. I wire bars.
'

Zinc smelting 100 tons of blende, not making 375,000

I

sulphuric acid.
Stamp milling- ' 100 tons per dav 50,000
Cyaniding= 100 tons per day 100,000

Cost of Metallurgical Work'
Cheapest type of mill in Joplin district, capacity 50,000

tons annually, construction cost, 12 to 16 cts. per ton of annual
capacity.

Joplin mill designed for concentration of mixed sulphide ore,

15,000 tons annual capacity, 67 to 80 cts. per ton.
San Juan mill, capacity 75,000 tons per year, cost per ton

S1.33.
Wet concentration mills of Boston Consolidated Copper Co.,

1,000,000 tons capacity, cost about SI. 50 a ton.

Garfield mill of Utah Copper Co., capacity 2,200,000 tons,
cost per ton SI. 85.
Ohio Copper Co., capacity 1,000,000 tons, cost per ton SI. 50.
The above are for wet concentrating mills.

Magnetic Separating Plants

New Jersey Zinc plant, 300,000 tons capacity, cost SI.75
per ton. Smaller plants are 15,000 tons capacity, cost S3 to
$4 a ton.

Copper Smelting Works
Blast-furnace plant, no roasting furnaces, annual capacity

330,000 tons, cost S1.70 per ton.
Balakalala, capacity 437,500 tons, cost S2.25 per ton, of

which 25 cts. was for the converter plant.
Washoe plant, capacity 3,000,000 tons, cost S3.56 per ton.

> HoFMAN, "General Metallurgy," p. 8S8.
' H. A. Megraw, private notes.
•By W. R. Ikgalls in Engineering and Mining Journal, July 2, 1910.

31



482 MET.\LLrilGISTS AND CHEMISTS' HANDBOOK

~00—iX"1.005«iO«'<J>'0"-0

h-Mr^.r-c^jiOLTOco^'.Tr-xxoO'rOOOOco'nt^M
•-• O <»" X '-<_X M ;D o_ciqM '•'^'•'5

'•'v®.1"v^ ".<* W M "-i w o
o^co»'-<r-<p^l^^^3

0--

^H lO Ci ^" O O

§£.2

o o S
^23

cs X cc r» o u-i

CC CO C^< Oi »o o
*CDCJOO»'-i
X "JXIO O

re O O t/? IC lO
xoto>no •>»

r-< ^ t» ^ TO in
05 "^ oj ^^ CO '^^

c « n
T. c -t; t: ji 5f--

3 O C)

1.2 ' ••« >.2

. •t ^ -^ >- n ^ S:t&a2^j_S 5"



MECHANICAL ENGINEERING 483

Highland Boj- plant, capacity 300,000 tons, cost S3.23 a ton.
Garfield plant, capacity 800,000 -tons, cost S7.50 per ton,

but this included a large amount of land secured to protect
against smoke suits.

Lead Plants

Modern lead smelting works, capacity 330,000 tons, cost
S2.30 to S3.00 per ton. A lead desilverizing refiner}', capacity
30,000 tons of base bullion, cost about SO.66 per ton.

Zinc Smelting Works
Zinc smelteries in natural gas field in Kansas and Oklahoma,

capacity 25,000 tons annually, cost S7.00 per ton.
Plant in the same field, of superior design and construction,

cost SIO.OO per ton.

Plant to burn coal with gas producers and regenerative
furnaces in Europe, figured to cost S15 per ton. Same plant
in United States would probably have cost §17.50 to S18.00,
but actual constructions have run as high as $20.00 per ton.

Sulphuric Acid Works
Sulphuric acid plant, to be added to zinc smelterj', cost

in 1914, 85 to 6 per ton of H2SO4. As the ore usuallj- contains
about 32% S, the statement also applies per ton of ore.

Miscellaneous

Tennessee Copper Co., acid plant, annual capacity 168,000
tons of acid, cost per ton of capacity SIO.OO.

Randfontein Central mill, capacity 150,000 tons per month,
cost per ton 84.80.

Moctezuma, capacity 2000 tons per day, cost SI. 37.

Federal Lead, capacity 2400 tons per day, cost SI.03.

Southeastern ^Missouri in general, 81.26.

Wetherill magnetic separating plant, capacitv 100 tons per
day, cost S2.05.

Blake electrostatic, capacity 100 tons per day, cost SI. 37.

Wilfley roasting process, capacitj- 100 tons per dav, cost
SI. 37.

Mexico silver-gold cyaniding plant, 83.40 per ton.

Cyanide Plant Construction

Bearing out the estimate of 81000 per ton of daily capacity
as the cost of constructing a cj'anide plant, the figures on p. 464
were given in the A. I. M. E. Bulletin for September, 1915.
The general subject of mill construction costs for the amateur

was covered by Harry T. Currax in the Engineering and Min-
ing Journal of Aug. 14, 1915, so well that there seems to be
nothing to add to his article, which is herewith reproduced.

Mill-construction costs are widely variable and the subject is

a broad one. No two mills are alike, nor will their construction
be carried on under the same conditions, yet the construction
work itself is much the same in all. The figures given in this

article are taken from my field notes and by modification they
can be applied to any similar work.
The results of laborious search into metallurgical literature for

mill-construction data are discouraging at the best. Little has



484 METALLURGISTS AND CHEMISTS' HANDBOOK

been written on the subject, and the operator is prone to place
too much reliance on " general figures," which in varied modern
practice comprise the last word in unreliability. General figures

are useful, however, in rough preliminary estimations. After
it has been determined just what kind of a plant is needed, the
site selected and drawings made, a thorough organization of

plans should be established and every detail gone over in the
mind's eye.

F*reparation of Costs of Material.—The first step is to esti-

mate the yardage to be excavated, the amount of masonry or
concrete work required, and then a complete list of all material
should be made. The tendency is to overlook a multitude of

small things which have considerable value in the aggregate.
To the machinery specifications should be added a complete list

of lumber, doors, windows, all hardware down to nails, pul-
leys, belts, lime, sand, broken rock—in fact everything that
goes into the construction. The cost and weight of this can
readily be determined by consulting reliable dealers and adding
the necessary freight charges.

Planning the Preliminary Work.—The next step should be
the working out of a thorough development plan and an esti-

mate of its cost. Everything should be made ready, so that
when actual construction starts there will be neither confusion
nor delay. The cost of this work is considerable and it is often
neglected, with the consequent addition of excessive costs to

some other part of the work. A great amount of future trouble
and worry can be avoided by a careful planning for a few impor-
tant features, which will be mentioned.

Unloading facilities and material and tools to do it with should
be provided. A good road to the plant should be built and
convenient deliveries arranged for. It is a noticeable fact that
many a well-constructed mill has such poor facilities for receiv-

ing supplies that the extra cost for a year would probably build
everything needed to make such work ea.sy and cheap. Ample
room ought to be set aside for timber yards ; and all lumber should
be marked and piled so that a glance will determine just what
part of the job it was bought for.

A hand\' place should be marked off for a storage house and
its cost estimated. It is surprising what a number of small
things will be lost or misplaced without such storage. Roomy
framing plots, as level as possible, should be marked off and
handy places for machinery storage determined, keeping in

mind pieces which will be first used and their situation. The
supply of gravel, .sand and rock must be looked into and arrange-
ments made for its cheap delivery at any point. All details

for disposing of rock and earth excavated with the least possible

amount of handling should be planned.
The labor question must be studied and complete arrange-

ments made for the comfort of the men. Their efficiency will

vary directly with the conditions of their surroundings. Re-
cently, in the West, a so-called mining man who had never given
human nature a moment's thought attempted to build a mill in
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an out-of-the-way place with no fit accommodations for anyone
but himself. The results were disastrous for the company.
Good men could not be kept and the mill was finished up at an
excess in cost of more than S50,000. Some of the tanks col-

lapsed on their foundations with the first filling.

The cost of all this preliminary work can be estimated by the
man on the ground; it averages from 5 to 10 per cent, of the total.

If it is neglected, confusion and delays throughout the job are

the inevitable result. Good organization is just as essential to
the construction of a plant as to its operation.

Consideration of Erection Costs.—Erection costs are variable
and can only be obtained by experience or by comparison with
other jobs. If all necessarj^ steps are taken to avoid delays
estimates can be made dependable within reasonable limits.

Fixed rules cannot be given for this part of the work. They will

vary with the wages, efficiency of labor, climatic conditions and
the experience of the man in charge. However, if the rules

given in this article are applied for summer work in the United
States, the estimate will come approximately close to actual cost.

Labor wage is based on the average paid in Western mining
camps.

Superintendence can be figured when conditions are known,
and will average, including cost of plans, from 3 to 5 per cent, of

the total. Excavation by picking, shoveling, and hauling
average earth in wheelbarrows, moving 100 ft., will cost about
45 cts. per cubic yard; add one-third of hourly wage of laborer
for every additional 100 ft. Where mine cars can be used to

advantage this may be cut to 35 cts. per cubic yard, moving 100
ft.; add one-fifth of hourly wage for every additional 100 ft.,

which covers placing the track. Breaking rock by hand—like

hauling conditions—will cost from $1.25 to SI. 75 per cubic yard,
with 100 ft. haul. It will cost a few cents more per yard than
in earth work for every additional 100 ft. There are so many
unknown quantities entering into excavating that these figures

are only roughly approximate.
Masonry and Concrete Construction.—Rubble masonry will

average S5 per cubic yard, using cement mortar. A mix of 1

part of Portland cement to 5 parts of sharp, clean sand will give
good results. Such walls will average about 15-in. courses and
will require from 3'i to }i cu. yd. of mortar per cubic yard of

wall. Concrete work can be figured to a nicety when condi-
tions are known. With a mechanical mixer SI a yard will cover
the cost of mixing and placing in the average mill. On a
large job it is well to determine just what mix is required with
the material used. The duty of the sand is to fill the voids in the
broken rock and, when the two are mixed, the resultant voids
should be filled with cement. It is well to allow 10 per cent,
excess in each case, but there is nothing gained by using a
richer mix for retaining walls and foundation. However, if a
weaker mix is desired it can be obtained by puddling instead of
cutting down the proportion of sand and cement. In forms of
any size puddling is good practice and the strength of the con-
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Crete is by no means decreased. Clean, firm rock should he
used and the edges should not touch. On the average mill job
concrete will not cost more than S7 per cubic yard for large
forms, SS for medium, and SIO for small and heavy-duty
machine foundationSj including the cost of the forms. By using
old iron, reinforced concrete can be made for 50 cts. per yard
more. Floors with a 5-in. base and 1-in. covering will average
from SIO to S14 per cubic yard.

Unloading and hauling depend upon conditions. There will

be a fixed average charge of from 30 cts. to 40 cts. per ton.

Small pieces should be handled for less, but large unyielding
pieces, such as a tube mill, can easily cost to SI per ton. Prob-
ably 75 cts. per ton-mile would be a good average for hauling
on any kind of a decent road and grade. By consulting local

freighters these things can be definitely settled. The accom-
panying curve shows the variable cost of hauling on different

grades. For example, consider 50 cts. per load as a cost unit,

representing a reasonable cost per mile on level roads, so that a
comparison of costs on different grades can be found.

Carpenter work with a well-organized crew of mill-wrights
will average about S21 per M, for framing and erecting; S12
to S15 per M, for siding and roofing and S2.50per M for .shingles

or 75 cts. to SI per square for corrugating iron roofing and siding.

With a picked-up local crew, S2S to $31 per M, for framing and
erecting, S19 per M, for siding and roofing and S2.50 per M for

shingles or SI.25 per square for iron, will be the average figures.

The nails required in this work per M will be about as shown in

the table.

Xails Required i.v Erectiox
1

Lb.

Siding and roofing 8
Flooring (1-in. material)

|

8
Flooring (2-in. material)

j

20 or 30
Studding, etc ' 10
Shingles (per 1000) 4

18-21
28-32
20-25
14

.Assembling and erecting machinery depends upon the nature
of the machinery. A good point to emphasize here is that
poorly stored machinery may easily add several dollars per ton

to erection costs. An experienced engineer will size up the job

and divide the material into different classes. It is then u.sually

figured on a tonnage basis. Generally speaking, the heavier

the piece the less the erection cost per ton. Steel tanks over %
in. thick can be erected for S35 per ton; for ^^ in. or less from
S40 to S45 per ton. To place engines, stamps, crushers, pumps,
to line up shafting, set electric motors, including wiring, etc.,

about S45 per ton of iron. To set up concentrating machinery,
classifiers, filters, etc.,* from S50 to S65 per ton. These figures

cover the necessary carpenter work, placing pulleys, belts, and
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adjustments. When the carpenter work is figured separately,

these figures are high. Under these conditions it will cost

from S2o to 830 per ton of iron to place engines, stamps,
crushers, lineup shafting, etc. To .set up concentrating machin-
ery, classifiers, filters, etc., from 830 to 845 per ton. This of

course includes placing pulleys, belts, and adjustments. The
pipe work in the average mill will cost from S-40 to 8-45 per ton.

Erecting wooden tanks costs about 812 per M. Reduction
works constructed wholh' of steel are now becoming popular
where the winters are not too severe. Framework of steel can
be erected for 812 to 815 per ton by contract. A good con-
tractor with a crew of construction men will make mone^' at
these figures. However, the amateur will do well if he shades
the figures at all.

Recently the construction of a oO-ton combination concen-
trating and cj-anide plant came under my notice. The con-
tract was taken for just a little under 830 per M, and the
same price per ton for machinery erection, which also included
all foundations and concrete work. The total cost of the mill
was around 830,000, but it is just under a finished product in

every \va,y and is bound to give considerable trouble that will

eventually cost more, not considering delays, than the extra
thousand or two dollars it would have taken to make it a
finished mill in the first place.

Small items are important and there are a number of them.
Considerable timber is required for staging and a number of

unavoidable losses must be allowed for. The building should
be painted, fire protection and heating arranged and office and
laboratory equipment bought.

Cost of Making Alterations.—The expense of the breaking-in
period and necessary alterations are often overlooked. Here we
have the personal equation entering. It is a bet b^' the designer
and constructor on his o-mi ability. It is a good idea to allow
10 per cent, of the total cost for possible changes, while any
excess is often useful to cover the expense of unavoidable delays.
I have in mind two mills, designed by two well-known metallur-
gists, where the starting-up period took in one case 5 per cent, of
the total expenditure and 15 per cent, in the other. The opera-
tor has a problem different from that of the man who follows
construction onl3\ When the former designs and constructs
a mill he must worry through the breaking-in period and come
out with a mill that is satisfactory in every way. On the other
hand, the construction man generally has a contract and his

responsibility ends by turning over a mill that is up to specifi-

cations, which may mean a good mill or a very poor one from
the operator's standpoint.

Difficulties of Winter Construction.—In the northern United
States winter work is a tough undertaking at its best and should
be avoided if possible. With an average winter the excess cost
will easily foot up to 33 per cent, of the total labor expenditure.
^^'ith an open, mild winter these figures are high, but with a cold,

snowy winter tliey may easily reach 50 per cent. Concrete



488 METALLURGISTS AND CHEMISTS' HANDBOOK

work often costs 35 per cent, more, as complete arrangements
must be made for heating and protecting agamst frost until after

the preliminary set. After 12 hours, freezing can only retard

the final set, but cannot injure the concrete.

A brief description of methods used in a winter concrete job
may be of interest. A steam coil 12 X 12 ft. was made out
of 2-in. pipe spaced 1 ft. apart, and perforated every 6 in. with

^f 6-ifi- holes. This made it possible to keep plenty of broken
rock heated ahead of the mixer. Barrels were arranged on the
mixer platform so that the water could be heated to the boiling

point with steam. A 10 per cent, salt solution was made, which
in no way seemed to damage the concrete. The sand was not
heated. Live steam was turned into the forms before pouring,

sufficient time being allowed to draw the frost a few inches.

Large forms were simply well covered with canvas after filling;

the concrete stayed above the freezing point for a couple of days
even in the coldest weather. Small forms were protected by
steam hose and fires for 12 hours. Calcium chloride is probably
better than sodium chloride, since its solution freezes at a lower
temperature and it also increases the waterproof quality of the

concrete. It has been proven that concrete with 2 per cent, of

calcium chloride gives the best resistance. More than 2 per

cent, of it unduly increases the speed of settiqg and weakens the

concrete. Since from 10 to 15 per cent, of water is used in mix-
ing concrete, a 2 per cent, mix would be given by using a 15 or

20 per cent, solution. A 20 per cent, sodium-chloride solution

freezes at about 7°F., while a 20 per cent, calcium-chloride

solution will not freeze until it reaches about the zero mark.
On a winter job of any size an inclosed framing shed will pay

for itself many times over. It is not only useful during the

framing period, but is a happy addition on a bitter cold day dur-

ing the erecting period when the carpenters would otherwise

have to be laid off. There are always launders, doors, plate

beds, or a multitude of small things that they can work at under
protection from the weather. When the mill is finally under
cover it can be kept comfortable and the work will go on much
more efficiently.

Expense of Rebuilding Old Mills.—Remodeling old mills is in

a class by itself and each case presents a special problem depend-
ing upon the extent of the work and the condition of the mill.

Like a new mill the cost of excavating, concrete, machinery, etc.,

can be rather accurately figured on, but the amount of hardware
and lumber that can be used again and the amount of new mate-
rial required is often misleading. The carpenter work and
assembling of machinery will generally cost twice as much as in

a new plant. It is a tearing down and building up process for

which no rules can be given.

The main causes for underestimates are:

Guess work, lack of good organization, false economy, omis-

sions and change of plans, neglect of preliminary' work, too much
reliance placed on general figures, and inefficiency oi labor re-

sulting from surroundings. Under unavoidable circumstances
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may be mentioned unexpected strikes or inefficient labor, bad-
weather delays and the faihire of railroads or supply houses
to deliver material as expected.
Any reputable machinery house will give valuable informa-

tion. Nearly all have one or more experienced engineers and will

gladly go into all details with the buyer. It is a mistaken idea
to think that they let their responsibility end with the last car
of machinery that leaves their plant. There are plentj' of

would-be metallurgists who are alwavs willing to build a plant
for half the bid of a reputable house, but without exception they
are a most expensive "economy." This also applies to the manu-
acturer of an untried innovation. Almost without exception a
small mining company cannot afford to experiment with such
things. If there is merit in the innovation the larger companies
will soon pick it up and demonstrate it. If the plans are fol-

lowed, a good organization maintained and efficient labor se-

cured, the figures will be found a little higher than actual costs.

Sectionalized machinery for raule-back haulage cannot be
erected at these prices.

Effectiveness of Wood Preservatives

The relative efficiencies of certain wideh' used wood pre-
servatives were recently tested by the U. S. Department of

Agriculture {Bull. No. 227 j.

The tests were made by the Petri-dish method. The quanti-
ties mentioned are sufficient to stop growth in a cubic foot of

culture medium.

For Fomes annosus , Pounds

Coal-tar creosote:
Fraction II 0.14

Sodium fluoride 0.16
Cresol calcium 0.09-0. IS
Coal-tar creosote:

Fraction 1 0.19
Fraction III 0.20

Zinc chloride 0.31
Coal-tar creosote, Grade C.

.

0.34
Water-gas tar distillate (sp.

gr. 0.995) 0.41
Wood creosote 0.41
Hardwood tar 0.78
Coal-tar creosote:

Fraction IV 2.06
S. P. F. carbolineum 2.8
Avenarius carbolineum 3.27
Coal-tar creosote:

Fraction V 20.59
Copperized oil 25.0
United Gas Improvement

Co., 1.07 oil Over 25
Nonesuch special

!
Over 25

Sapwood antiseptic ' Over 25

For Follies pinicola Pounds

Coal-tar creosote:
Fraction III
Fraction IV
Fraction II

.Sodium fluoride
W'ood creosote
Coal-tar creosote:
Grade C
Fraction I. . .

.\venarius carbolineum
Zinc chloride
Hardwood tar
Coal-tar creosote:
Fraction V

Copperized oil

United Gas Improve-
ment Co., 1.07 oil...

Nonesuch special . . . .

0.08
0.08
0.09
0.09
0.13

0.14
0.14
0.19
0.47
0.47

4.87
Over 25

Over 25
Over 25
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Cement Compositions

Si02 AJ2O3 FeiOa CaO MgO SO3 NaKO

Portland'
Rosendale' (natural)
Slag cement'
Hydraulic-

Grenoble' natural-.'.

19-26
27.30
28 . 95
21.60

26.30-
27.30

4-11
7.14
11.40
3.20

9.30-
12.70

0-4
1.80
0.54
0.65

58-67
35.98
50.29
61.00

50.80-
55.00

0-4
18.00
2.96
0.85

0-3.00

0-1.75 0-3
6.80

3.41
0.60 H20 =

12.00

Strength of Common Materials*

Material

Ultimate strength (C/)

Tension Compression

Bricks, best hard
Bricks, light red
Brickwork, common
Brickwork, best
Cement, Portland, 1 month old

Cement, Portland, 1 year old . .

Concrete, Portland
Concrete, Portland, 1 j-ear old

.

Hemlock
Oak, white
Pine, shortleaf yellow
Pine, Georgia
Pine, white

400
40
50

300
400
500
200
400

6,000
10,000
9,000

12,000
7,000

12,000
1,000
1,000
2,000
2,000
3,000
1,000
2,000
4,000
7,000
6,000
8,000
5,500

BLOWING MACHINERY TYPES
The centrifugal blower is usually used for moving large

volumes of air at pressures up to 16 oz. per square inch. Such
service is that required for reverberatory furnaces or cupola
furnaces. The disadvantages of the centrifugal blower are

that it must run very close to rated capacity if it is to run
economically, and that it cannot send blast into a choked fur-

nace. An example of a large centrifugal blower is quoted by
Hofman as being furnished by the General Electric Co., 10,200
cu. ft. of air per minute at 33^^-113. pressure.

Turbo-blowers are multistage centrifugal blowers. The dis-

charge from one blower forms the feed of the next, thus enabling
these blowers to compete even with high-pressure blowing
engines. Hofman quotes one blowing 42,000 cu. ft. of air per
minute, attaining a maximum pressure of 18 lb.

' BE^'so^^'8, "Industrial Chemistry." The Macmillan Co.
2 .J. Park, "Text-book of Practical Assaying."
' Said to be finest natural cement in the world.
* Pierce and Carver's, " Tables for Engineers."



492 METALLURGISTS AND CHEMISTS' HANDBOOK

Rotary Blowers.—Two impellers, which may be similar or
dissimilar in shape attached to parallel shafts, revolve in opposite
directions. The impellers are in tangential contact with each
ot her and with the casing and hence draw in a fixed volume of air

and discharge it on the opposite side. Consequently they are
known as positive blowers. They are most effective working
at from 1 to 4 lb. pressure. The Roots blower has two im-
pellers whose surfaces are epicycloidal curves. The Conners-
viLLE also has this impeller form. The Baker has one large im-
peller with two vanes, and two small revolving drums for valves.
The Sturtevant is a very complicated two-impeller machine.
Blowing Engines.—These are of the double-acting piston

type and are used for converters, iron blast furnaces, and a few
copper furnaces requiring very high pressures.

Testing Blower Capacity

Experiments at the Mission School of Mines by Elmo H.
Harris have shown that the most reliable method for testing
large blowers is by passing the air current through large orifices.

A 30-in. orifice will pass about 25,000 cu. ft per min. under 4-in.

water pressure. Where very large blowers are to be tested he
advises setting several orifices in a conduit wall (Missouri School

of Mines Bull., November, 1915). The essential tables are:

Water
gage,
inches.



SECTION X

GENERAL METALLURGY

PROCESSES KNOWN BY THEIR INVENTORS' OR
BY NON-DESCRIPTIVE NAMES

AczoUing—the treatment of timber with a mixture of metallic
ammoniates with an antiseptic acid (derivative of phenol or
naphthalene).

Augustin process for silver extraction consists of chloridizing-

roasting; leaching with hot solutions of common salt in wooden
vats; precipitating the silver on copper and casting into silver

bars; precipitating the copper on scrap iron and casting it into

shot to be used again.

Bessemer process—the production of steel by blowing air

through molten pig iron. Also, by analogy, the enrichment of

copper matte by blowng air through it when molten. See
Converting.
Betts lead refining process—an electrolytic process using

PbSiFe acidulated with HF as the electrolyte.

Boss process for silver extraction is a continuous pan-amal-
gamation process.

Converting—the process invented by Pierre Manhes
in which air is blown through molten copper matte in the
presence of free silica. The iron is oxidized to FeO which forms
a slag with the silica; the sulphur is oxidized and goes off as
SO2. After the iron is practically oxidized, copper is formed
thus:

CuS + 30 = CU2O -1- SO2
2CU2O + CU2S = 6Cu + SO2.

Also applied to the Bessemer process of steel manufacture.
Diehl process—a modification of the cyanide process in

which cyanogen bromide is added to the leaching solution.

Dtimoulin process—copper is deposited on a rotating
mandrel and this copper is later stripped off as a long strip,

which is then drawn into wire without recasting.

Elmore process—a flotation process. See Flotation for full

description.
Gutzkow's process—a modification of the sulphuric-acid

parting process for bullion containing large amounts of copper.
A large excess of acid is used; the silver sulphate is then re-

duced with charcoal or, in the original process, ferrous sulphate.
Hayden process—for copper refining. There is but one

true cathode and one anode in the tank, a large number of
plates of unrefined copper being placed between and parallel

493
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to them. The side of each plate toward the cathode then
acts as anode, while copper is deposited on the side of each
plate toward the anode, until the entire plate has moved over

by the amount of its own thickness. This is the so-called series

method of refining.

Hopfner process—Copper Recovery.—A solution of cuprous
chloride in sodium or calcium chloride is used to dis.solve copper
sulphides. The solution is then eloctrolyzed in tanks with
diaphragms. The anodes are copper, the cathodes pure copper.

Copper is deposited from the cuprous-chloride solution, and
cupric chloride regenerated.
Hunt's process—comiiilod by Bertram Hunt for treating

precious metal ores containing copper or zinc, u.sing an ammoni-
acal cyanide solution and recovering ammonia by boiling.

Process may more truly be said to have been devised and
perfected by Mosher.
Hunt & Douglas process—consists in roasting matte carry-

ing copper, lead, gold and silver at a very low temperature,
forming copper sulphate and oxide but not silver sulphate.

This product is leached with dilute sulphuric acid for copper.

The resulting solution is treated with calcium chloride and the

copper precipitated as subchloride bypassing SO2 through the

solution. The cuprous chloride was then reduced to cuprous
oxide by milk of lime, regenerating calcium chloride, and the

cuprous oxide was smelted.
Kiss process—about the same as the Pater.\ process

(which see below) except that calcium hyposulphite was used
for leaching the ore, and calcium polysulphide for precipitating

the silver.

LeBlanc process for soda making

—

2XaCl + H0SO4 = NasSO* + 2HC1
NasSOi + 2C = NaoS + 2CO2

NazS + CaCOs = Na^COs -|- CaS

Lohmannizing—a process by which a protective zinc coat-

ing is amalgamated to the base-metal sheet. Details of the
process not made public.

MacArthur-Forrest cyanide process—the original successful

commercial process.

Marriner process—a modification of the cj'anide process

in which the ore is dead roa.sted, all of it ground to slime, and
the resulting product treated by agitation.

Miller process of parting gold and silver by conducting
chlorine gas into the molten metal. The silver and other

base metals are chloridized and come to the top of the bath.

Moebius process—for parting gold and silver. The
electrolyte is silver nitrate with a little nitric acid. In the

original process the silver was deposited on an endless mov-
ing silver belt, from which it was constantly removed by
revolving brushes.
Murex process—see under " Flotation," p. 408.

Parkes process—lead refining by the addition of zinc to



GENER.\L METALLURGY 495

molten argentiferous lead. The zinc and silver rise to the
surface of the bath as a scum, which is then taken off and
afterward distilled to drive off the zinc.

Patera process consists in a chlorizing-roasting; leaching with
water to remove base metals (some silver is dissolved and must
be recoYered); leaching with sodium hyposulphite for silver;

precipitation of silver by sodium sulphide. The process was
first carried out by von Patera at Joachimsthal.

Patio process is one for the recovery of silver by amalgama-
tion in low heaps with the aid of salt and copper sulphate
(magistral). Thorough mixing is obtained in the usual form
by having horses or oxen tread the mass.

Pattinson process—recovery of the silver from argentif-

erous lead by fractional crj^stallization of lead crystals out of

a silver-lead eutectic. Seldom used now except in conjunction
with the Parkes process (q.v.).

Peirce-Smith—^Ijasic-converting process—converting copper
matte in a magnesite-lined converter. The iron of the matte
is fluxed b.y silica added before the process begins.

Pelatan-Clerici process is a continuous process of dissolv-

ing silver or gold in cyanide solution and simultaneously pre-
cipitating the precious metals in mercury in the same vessel,

an electrical current assisting precipitation.

Powellizing—a process of wood treatment consisting in

impregnating the wood with a saccharin solution. It hardens
the wood, and appears to fireproof it somewhat.
Randolph process—a modification of the series process of

copper refining in which the electrodes lie horizontally, the top
surface of each one acting as anode, the lower as cathode.
Theoretically it has the advantage of extremely low metal
losses and great purity of copper. Practically, it is too difficult

to right matters in a tank after a short circuit. See Hayden
series and Smith processes.
Reese River process—pan amalgamation with previous

roasting.

Rozan process (Luce-Rozan process)—Pattinsonizing with
steam.

Russell process^-about the same as the Patera (q.v.)

except that cuprous-sodium hj^posulphite is used in addition to
the sodium hyposulphite.

Series Copper-refining Process.—See Hayden, Smith and
Randolph processes.

Sherardizing—a galvanizing process in which the metal to be
coated is heated, with or without tumbling, in contact with zinc

dust. Blue powder or manufactured dust may be used for the
source of the zinc.

Siemens & Halske method of copper recovery.—Copper
sulphides are dissolved by solutions of ferric sulphate con-
taining free sulphuric acid.

(H2SO4) t CuoS + 2Fe2(S04)3 = 2CuS04 -|- 4FeS04 + (H2SO4)
The solution is then electrolyzed in a tank having a diaphragm.
Copper is deposited and ferric sulphate regenerated.
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Siemens-Martin process—the production of steel in a re-

verberatory furnace by oxidation of the impurities by oxides

added (either the rust on scrap, or mill scale, or pure ores).

It may be conducted either on an acid or a basic lining.

Smith process—a variation of the series system of copper
refining in which the plates are placed horizontally, the top
surface of each one acting as cathode, the lower as anode.
Linen diaphragms must be placed between the plates to catch

the slimes. These diaphragms break and allow the slimes to

drop on the cathode, and it is impossible to remedy any short

circuits in the tank without dismantling the tank.

Solvay process for soda manufacture

—

XaCl + HXH4CO3 = HNaCOs + NH4CI
2NH4CI + MgO = MgCls + 2XH3 + H2O
2HNaC03 = Na.COj + CO2 + H.O
CO2 + NH3 + H2O = HNH4CO3.

Spellerizing—subjecting the heated bloom to the action of

rolls having regularly shaped projections on their working
surface, then subjecting the bloom while still hot to the action

of smooth-faced rolls. The surface working is said to give a
dense texture to pipe made from the bloom, adapting it to

resi-st corrosion.

Thomas-Gilchrist process—bessemerizing iq.v.) pig iron high

in phosphorus and low in S; in a converter lined with cal-

cined dolomite. The slags formed consist of a basic calcium
phosphate which is used for fertilizer.

Thum-Balbach process—a silver-refining process using carbon
cathodes, dor^ anodes and a silver-nitrate nitric-acid electrolyte.

The silver is scraped off the bottom as crystals.

Washoe process—for silver extraction. Consisted in wet
crushing and pan amalgamation without previous roasting.

Named for the district in which it was first carried on.

Weldon's process for making chlorine

—

MnO. + HCl = MnCh + CI2 + H2O
MnCl2 + Ca(0H)2 = Mn(0H)2 + CaCh
Mn(OH)2-HCa(OH)2-|-0(fromair) = CaMnOs -1- 2H2O
2Mn(OH)2 + Ca(0H)2 + 20 = CaMn206 -|- 3H2O
CaMn03 + 6HC1 = CaCl, + MnCU + SHjO + CI2

CaMnoOs + lOHCl = CaCh + 2MnCl2 + 5H2O 4- 2CI2

Wohlwill process—a process of gold refining, using impure
gold bullion as anodes and sheet gold cathodes in a solution

carrying 25-30 oz. of gold and 25-30 oz. free HCl (sp.gr. 1.19)

per cu. ft. If the anodes contain lead some H2SO4 is added.

The current density is about 100 amp. per sq. ft., the potential

1 volt. The tanks usually used are porcelain. Platinum and
the allied metals remain in the electrolyte, the silver settles out
as chloride.

Ziervogel process—this consisted in smelting ore to an argen-

tiferous matte; concentrating the matte to 60 or 70 per cent.

Cu; grinding; roasting under such conditions of temperature
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control as to decompose the copper sulphate while leaving the
silver sulphate undecomposed ; leaching out the silver with
water, precipitating the silver and recovering it; smelting the
residues for copper bottoms from which the gold can be
recovered.

Unstable Alloys^

The following metals do not form stable alloys within the
limits mentioned, i.e., if a mixture containing percentages of the
materials lying between the critical points is heated, there may
be (though not always) an alloy produced at the time, but
there will be segregation on standing.

Temperature Zinc-Lead Alloys

rsno/- V, . /Pb =98.76 ^, rPb = 1.14
650 C. Between

| gn = 1 .24 ^^^ \ Zn = 98.86

snnor iw ^ J
Pb = 98.70 ^„ , / Pb = 1.57800C. Between

| ^n = 1 .30 ^^^
\ Zn = 98.43

Bismuth-Zinc Alloys

AKnon Tt^+ /Bi =85.72 „ , / Bi = 2.32
650 C. Between > =14.28^°d\Zn =97.68
7«;n°n jx^^ ^^ / Bi =84.82„„, /Bi = 2.47
750 C. Between

| ^n = 15.18^^^ \Zn =97.53
ennon R^f ^^ / Bi =84.17„„, / Bi = 2.52
800. C. Between

| ^n = 15.83^°^ \ Zn = 97.48
Lead-Aluminum Alloys

Qnn°r- R^f /Pb= 99.93 , / Pb = 1.91
800 C. Between

| ^^ ^ 0.07^"^ \A1 =98.09
Bismuth-Aluminum Alloys

ennon r^+ ^^^ / Bi = 99 . 72 , / Bi = 2 . 02800C. Betvseen
| ^^ ^ 0.28 ^"^

1 Al = 97.98
Cadmium-Aluminum Alloys

71^^00 n^irr...^^ /Cd = 99.78 ,/Cd= 3.39750C. BetNseen
| ^^^ ^ 0.22^°^ \A1 =96.61

* Alloys

Aluminum.—Aluminum containing 0.05 to 0.20 per cent, of
Ce is more resistant to corrosion than aluminum itself.

Aluminum alloys for automobile work (Societj- of Automobile
Engineers Specifications 30, 31, 32). Where a Hght, tough
alloy is needed, Al, not under 90 per cent., Cu from 7.0 to 8.5
per cent. Total impurities shall not exceed 1.7 per cent., of
which not over 0.2 per cent, shall be zinc. No other impurities
are allowable the C, Si, Fe, Zn and Mn. For a mixture possess-
ing strength and closeness of grain that can be cast solid and
free from blowholes, Al, not under 80 per cent.; Zn, not over
15 per_ cent. ; Cu, 2-3 per cent. ; Mn, not over 0.4 per cent.
Total impurities shall not exceed 1.65 per cent., of which not
over 0.5 per cent, shall be Si, nor over 1.0 per cent. Fe, nor

1 Robert's-Austen-, " Introduction to the Study of Metallurgy."
32



498 MET.\LLURG1STS AND CHEMISTS' HANDBOOK



GENERAL METALLURGY 499



500 METALLURGISTS AND CHEMISTS' HANDBOOK



GENERAL METALLURGY 501

<



502 METALLURGISTS AND CHEMISTS' HANDBOOK

over 0.15 per cent. Pb. For a cheap casting not subject to
great strains (flat plates, foot-boards, etc.) use Al, 65 per cent.;
Zn, 33 per cent.

Ahiniimini Alloys for Zeppelin Construction.—Angle brackets,
Al, 90.27 per cent.; Zu, 7.8 per cent.; Cu, 0.73 per cent.; traces
I'^e, Si, Mn, Sn. Channel sections, 88.08 per cent. Al;

9.1 per cent. Zn, other elements as in angle brackets. The
braces are evidently simply commercial aluminum.
Aluminum-Silver Alloy.—Argental—silver substitute.
Aluminum-Zinc Alloy.—Macadamum—strong but light cast-

ings. Patented alloy, like preceding. Composition unknown.
Argental.—Aluminum-silver.
Auer Metal.—35 per cent. Fe and 05 per cent, of the metal

obtained by reducing the cerium earths (Misch metal, q.v.).

Bismuth" Allovs.—Bi, 3; Pb, 10; Sn, 5. Sticks to glass,

melts at UO^C.
Calorized Metal.—See Insuluminum, b'elow.

Ceriimi Alloys.—The iron-cerium alloys will be found de-
scribed at length under ''pyrophoric allo3'S." Cerium-platinum
alloys have also been recommended for this purpose, while
those with zinc and boron, because of the low temperature of

the spark are supposed to be especialh' good for igniting mine
lamps. The cerium-mercury compounds are exceeding explo-
sive. The cerium-iron alloj-s are apparently definite com-
pounds, CeFe2, Ce2Fe3, Ce2Fe6. CeFe.. is highly oxidizable.
Chromax Bronze.—A manganese-l)ronze in which the man-

ganese is replaced by chromium. It is rather more acid resist-

ing than the manganese-bronze and has a tensile strength even
up to 100,000 lb. per sq. in.

Chromium Alloys.—The chief chromium alloys in commercial
use are chromax, nichrome and stellitc, which see.

Cobalt-Chromium Alloys.—Stellitc.—High tensile strength,
resistant to corrosion, takes high polish.

Cobalt-Chromium-Molybdenum—up to 40 per cent. Wand 40
per cent. Mo suitable for high-speed steels.

Cobalt-Chromium -Tungsten.—Harder than stellite.

Cobalt-Tin (40 Co, (50 Sn to 60 ('o, 40 Sn).—Very resistant

to acid.s, but too brittle for ordinary purpo.ses.

Corrosiron.—A silicon-iron made by the Pacific Coast Foundry
Co. Shrinkage on casting about ^g in. per ft. Transverse
strength about half that of cast iron. Said to be easily ma-
chined and resistant to acids.

Elianite.—A patented composition; withstands acids and
halogens; melts at 1250°C. Probably a ferro-silicon.

Ferro-alloys.—The following bri(!f description of the ferro-

alloys chiefly used is . condensed from The Mining Journal,
Feb. 20, 1915. These alloj'S may be grouped in two divisions,

those used as alloying materials and those used as dcoxidizers.

Ferro-manganese.—The alloy is chiefly used as an 80 per
cent, ingredient, and is employed in the Thomas, Martin, ard
electro-steel furnaces. The addition varies from 0.5 to 1.5

per cent, of the weight of the steel. This product is produced
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at present almost exclusively in the ordinary mass furnaces,

and so far as ferro-manganese is concerned, the electric smelter
has not hitherto been able to compete, the reason being simply
that manganese is a comparatively easih' smelted metal, and
with the high temperature to be looked for in the electric

furnace the metal would be apt to get overheated, with the risk

of volatilization. In applying ferro-manganese, unlike ferro-

sihcon, it is heated and added to the steel bath, preferably in

a molten condition. Apart from its deoxidizing effect, ferro-

manganese serves directly to increase the toughness of the iron

to a considerable degree. As silicon and manganese together
combine in a direct deoxidizing and toughening effect, they are
often required to be delivered in the following combinations

—

namely: Ferro-silir-on—of about 25 per cent. Si content is usually
added in the proportion of 0.3-1 per cent, of the bodj' of the
steel to be treated. It has a quieting effect and is usually
placed in the converter in the quantity desired. Ferro-man-
ganese-silicon—in various content percentages. The usual
association for this product is about 70 per cent, manganese and
about 25 per cent, silicon. Silicon-aluminum—(usually

known in commerce as "Sical") is produced with about 52
per cent. Si and about 27 per cent. Al. Calcium-silicide

—

has usually about 27 per cent. Ca and about 64 per cent. Si.

Calcium-Silicon-Aluminum.—All these last associations (ferro-

manganese-silicon, silicon-aluminum, calcium-silicide, and
calcium-silicon-aluminuni) are employed in the Martin and
electro-steel works. The quantity added is around 1 per cent,

of the steel bath's weight. The above percentages of the several
metals are the values usually delivered, though there are a
number of variations, and the several steel works often use their

own prescriptions for these combinations. Ferro-Chrome.

—

The above alloy was formerly produced entirely in mass
furnaces (where, indeed, it is to a certain extent produced at
the present time). Owing to similar conditions to those stated
above in reference to the mass furnace's connection with the
ferro-silicon industry, one must here content oneself with a
lower product percentage with a relatively high carbon content.
Lately the demand for 'a high per cent, alloy is specialh' refer-

able to ferro-chrome," from which one may practicalh' take it

for granted that the greater part of the ferro-chrome at present
employed in the steel industrj' is produced in electric smelters.

The article is delivered, according to the requirements of the
steel works, with various carbon contents, from Y2 per cent.

up to 10 per cent. C, and around 65 per cent. Cr. Ferro-
chrome is employed as an addition to iron in Martin, electro-

steel, and crucible furnaces to increase the hardness of the iron.

The addition is up to 6 per cent, of the weight of the steel under
treatment. Ferro-wolfram—is added to the steel bath in

quantities up to 24 per cent., and increases the cutting capacity
of the steel. Ferro-molybdenum—operates in the same manner
as wolfram, though added in lesser quantities. The maximum
addition is about 2 per cent. It is used for special shop tools.
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Ferro-cobalt—has also recently been employed as an added
ingredient in the manufacture of steel shop tools. The addi-
tion ranges up to about 4 per cent. Ferro-vanadium.—Besides
operating as a deoxidizing medium this alloy has a direct effect

on the steel bath, in that it to an unusually high degree increases
the toughnes:; of the steel. It is employed in the Martin
furnace up to 0.2 per cent., and in electro and crucible furnaces
up to 2 per cent. Ferro-titanium—has lately been entirely
emploj'ed as a deoxidizing medium, especially in America in

Martin furnaces, and in England in crucible furnaces. Ferro-
vanadium—is used in electric and crucible furnaces. Of the
above-named alloys the main consumption is, of course, con-
fined to ferro-silicon and ferro-manganese. The European
consumption of high per cent, ferro-silicon is at present atjout

35,000 tons and of ferro-manganese about 80,000 tons yearly.
As regards the second group—ferro-alloys as a pure deoxidizing
medium—we have a numoer of combinations, of which the
most important are fcrro-nickel, ferro-chrome, ferro-wolfram,
ferro-molybdenum, fcrro-cobalt, ferro-vanadium, ferro-man-
ganese, and ferro-sihcon. Ferro-Nickel.—Pure nickel is used
to a large extent as an addition to the steel bath. Lately,
however, there have been requests from the steel works that
this nickel be added to the steel bath in the form of ferro-

nickel. As a chief reason for this, it may be mentioned that
nickel in the large steel works is often liable to be stolen. If,

therefore, the nickel is previously combined with a certain
quantity of iron, the metal will be of no value to other than just

that particular steel works, and thus robbery is obviated.
Another and quite a general advantage in the use of nickel in

the form of ferro-nickel is that nickel before it is added to the
steel bath is previously associated with iron. By this one gets
a comparatively large quantity for the bath, and the metallic
nickel is thereby more evenly distributed. Ferro-nickel is

supplied at present with about 30 per cent. Ni, and is used in

Martin and electro-steel furnaces. The addition can go right

up to about 35 per cent, of the steel's weight. Further
description of these deoxidizes would be repetition.

High-speed Steel.—C, 0.45-0.85 per 'cent.; Si, tr.-0.20 per
cent.; Mn, 0.10-0.50 per cent.; W, 8 to 18 per cent.; Cr, 2.50-

6.5 per cent.; Mo, 0-2.50 per cent.; V, 0-1.5 per cent.; Co, 0-5
per cent.

High-speed Steel (Beth. Steel Co., Paris Exposition).—C,
0.6 per cent.; Mn, 0.2 per cent.; Si, 0.1 per cent.; Cr, 4 per cent.,

W, 18 per cent.

Hydraulic Bronzes.—The presence of very small proportions
of aluminum makes castings porous throughout, although they
look solid. Iron and antimony are also detrimental. For
cocks, pistons, bushings, etc., S. D. Sleeth recommends Cu,
72.50 per cent.; Sn, 1.75 per cent.; Zn, 19.25 per cent.; Pb,

6.50 per cent, for alloys for high pressures, 3000 lb. per sq.

in. (See the general table, p. 500.)
Insuluminum.—The name of a metal patented by the Greneral
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Electric Co. It consists of steel given a surface impregnation
of aluminum. When exposed to air or gases containing oxygen,
the surface oxidizes to alumina. The resulting composition
will resist for an indefinite time the continued action of oxygen-
bearing gases at 1000°C.

Ivanium.—A patented aluminum alloy (British). Melts at

about 300°C.
Japanese Bronze (Kalischer's analyses).—Copper, 75.53 to

76.64 per cent.; lead, 11.88 to 12.2 per cent.; zinc, 6.53 to 6.58
per cent.; tin, 4.48 to 4.36 per cent.; iron, 0.47 to to 0.33 per
cent.

Kaiserzinn.—Practically britannia, which see in alloys.

Kunheim Metal.—A pyrophoric alloy containing hydrides of

the cerium earth metals with magnesium and aluminum.
Macadamum.—An aluminum-zinc alloy.

Manganese Bronze.—Copper, 60 ; zinc, 40 with iron in small
and manganese in varying quantities (S.A.E. Spec. No. 29).

Should test about 60,000 lb. per sq. in. tensile strength; yield

point about 30,000 lb. per sq. in. ; elongation in 2 in., 20 per cent.

Misch Metal.—Cerium, 42 per cent.; lanthanum, didymium,
etc., 57 per cent. (These figures are approximate only.)

Mushet Steel.—C, 2 per cent.; Mn, 1.75 per cent.; Si, 0.75 per
cent.; Cr, 0.4 per cent.; W, 5.5 per cent.

Nickel and Cobalt.—The use of zirconium for hardening
nickel or cobalt has been patented. Nickel with 8 to 10 per
cent, of zirconium is claimed to take a fine cutting edge; either

nickel or cobalt with 8 to 15 per cent, of zirconium has its melt-
ing-point reduced below that of any one of the three separate
metals, with an increase of electrical resistance; and with 16
to 30 per cent, of zirconium the hardness is greatly increased,
giving an alloy suitable for cutting tools. Some nickel-cobalt
alloys resistant to acids are described just below, under non-
corrosive alloys.

Non-corrosive Alloys.—It has been known for some time that
cobalt-tin alloys containing about equal percentages (from 40
to 60) of the two metals are practically acid proof, withstanding
even aqua regia, but the alloys are too brittle for practical use.

According to Robert Grimshaw {Chemical Engineer, February,
1913) copper alloyed with from 5 to 20 per cent, of this CO-Sn
alloy can be readily machined and still retains a high degree of
non-corrodibility. The alloys are best prepared by dissolving
the CO-Sn alloy in the copper. An alloy of Ni and Cu in equal
proportions is highly resistant to hot, concentrated sulphuric
acid. Even more resistant are the alloys prepared by adding
copper to molten nickel-tungsten. The resistance normally
increases with the percentage of tungsten, but specially resistant
are: Ni, 78 per cent.; Cu, 20 per cent.; W, 2 per cent.; Ni, 70
per cent. ; Cu, 25 per cent. ; W, 5 per cent. ; and Ni, 75 per cent.

;

Cu, 15 per cent.; and W, 10 per cent. These alloys are said to
roll well. Electric resistance is high. Another still more resis-

tant alloy is obtained by adding ferro-tungsten to cupronickel
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to give Ni, 52 per cent.; Cu, 40 per cent.; Fe, 4 per cent.; W, 4
per cent.

The silicon-iron alloys are resistant to both sulphuric and
nitric acid. These alloys are marketed under the names tant-

iron, ironac and clianite in England, duriron, tantiron and cor-

rosiron in the United States. Duriron has approximately the
following composition: Si, 14-14.5 per cent.; J\In, 0.25-0.35

Ser cent.; total carbon, 0.2-0.6 per cent.; P, O.lG-0.20 per cent.;

^ under 0.05 per cent. It melts at 2500-2550°F., has a specific

gravity of about 7, a compression strength of about 70,()00 lb.

per sq. in., tensile strength about 12,000-14,000 lb., and a coef-

ficient of expansion of al)out 0.00001565 per deg. F., conductiv-
ity about 2.5 per cent, that of standard annealed copper.
An approximate analysis of tantiron is as follows:, Si, 14-15

per cent.; S, 0.05-0.15 per cent.; P, 0.05-0.10 per cent.; Mn,
2-2.5 per cent.; C (graphite), 0.75-1.25 per cent.; melts at
about 2550°F. ; sp. gr., 6.8; and tensile strength about 6-7 tons
per sq. in.

Phonoelectric Wire.—See silicon-bronze in preceding table.

Pyrophoric Alloys.—There are in general cerium alloys. The
commonest is fcrro-cerium, containing about 15 per cent. Fe,

2 per cent, of Bi or Sb to harden it, 5 per cent, of copper to make
it more fusible; and silicon, a general impvu-ity of the rare earth
metals, taken up from the clay cruciljles in which the metal is

UKilted. The most highly pyrophoric alloy is probably 1 part
platinum with 3 parts of cerium. The most highly pyrophoric of

the iron alloys is probably reached at about 70 per cent, of Ce.

The alloy is hardest at 60 per cent. Ce. The alloys with 25
per cent, of magnesium or aluminum are brittle and easily

pulverized. The presence of carbides is undesirable, as the

alloys, unless kept under oil, oxidize and lose their efficiency.

The raw materials for these alloys is the waste from the factories

which extract thorium from monazite sand. The residues of

the various rare earths are converted into chlorides and the

anhydrous salts are electrolyzed in clay or in water-jacketed
iron crucibles provided with iron cathodes. The fluorides are

not convenient for reduction. (See Mi.sch Metal, j). 505.)

Shakado.—A Chinese "art bronze," really a cupro-gold alloy.

Shibuichi.—A Chinese "art bronze," really a cupro-silver

alio}'.

"Stainless" steel—used chiefly for cutlery. A typical analy-

sis is said to be: Fe, 86.6 per cent.; Cr, 12.7 per cent.; Co,

0.45 per cent.; C, 0.28 per cent.; Si, 0.01 per cent.; Mn, 0.12

per cent. Resists tarnishing in conta(;t with food stuffs.

Stellite.—A white non-corrosive extremely hard metal pat-

ented by Elwood Haynes. It consists of 10-25 per cent.

Cr, 90-75 per cent. Co and may carry a little tungsten or

molvbdenum.
Talmi Gold.—86.4 per cent. Cu; 12.2 per cent. Zn. A Mosaic

gold.
Ulcoloy.—A copper-lead alloy containing comparatively

large quantities of copper held uniformly distributed through
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the mass during the cooling period. It is sold by the United
Lead Co. chiefly as a metallic packing and for acid-proof valves
and pumps.

Shell Steel.—The general conditions for proper shell steel

were laid down by Dr. J. E. Ste.\d in a lecture given before the
Cleveland Institute of Engineers (The Engineer, Jan. 14, 1916).
These are: (1) There must not be such porosity of the base
of the shell as to admit the hot propellant gas in on the exploding
charge inside the shell. (2) The steel must not be too soft,

for if it is, the shell bulges in the gun, causing excessive friction

in the barrel. This may lead to the accentuated pressure from
the propellant gases exceeding the bursting pressure. (3) The
steel must not be too brittle. It should also break so that the
fragments may have sharp points and edges, called by Doctor
Ste.\d "shear-fractured surfaces." The analysis of many
German shells shows that that country allows a very wide range
for its shells, as follows:

Carbon 0.393 to 1.12 percent.
Manganese 0.380 to 1 .40 per cent.

Sihcon 0.078 to 0.597 per cent.

Sulphur 0.027 to 0.083 per cent.

Phosphorus . 028 to . 105 per cent.

From the analyses of these German steels it appears that
British makers have been insisting on a freedom from phos-
phorus that is totally unneces.sary. From the analj'ses of

German shell steel it is judged that basic bessemer steel is

being used. This is argued from the nitrogen present, showing
that open-hearth steel is not necessary.

The analyses of German shells are given on page 507.

Cast Projectiles

In the issue of May 27, 191G, of Le GSnie Civil is given an
illustrated description of the manufacture of cast projectiles;

these are of cast iron, the greater part now made being, how-
ever, of cast iron with an admixture of steel, the two melted
down together.* Our contemporary adds that cast iron pro-

jectiles have very frequently been u.sed for the sake of cheapness
in firing practice at .sea. Cast projectiles are manufactured in

large quantities and for all caliber guns. Machining is generally

the .same as in the case of forged-steel projectiles; in some case.s,

however, in that of 00-mm. projectiles, for example, the ba.se,

band seating and shoulder alone are machined, the cylindrical

part and ogival head frequently being left rough cast. The
specification of July 31, 1915, gives some indications concerning

the quaUty required for the cast iron. The mechanical tests

are carried out with test-pieces 200 mm. in length, 40 mm.
square; these test-pieces are placed on knife-edge bearings 150

mm. apart and are subjected to a falling weight of 12 kg., the

average height of fall of which has to be at least 450 mm.
Tensile tests are made on specimens 150 mm. long, cast at a

diameter of 18 mm. and turned down to 16 mm.; these have
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to withstand a tensile stress of 25 kg. per square mm. When
machined, the shells have to withstand during 10 seconds a
water-tight test at a pressure of 300 kg. per square cm. when
the caliber is equal to or below 160 mm. and a pressure of 200 kg.
per sq. cm. for the larger calibers. The new specification does
not define the anah'sis of the cast iron. An appendix to a
former specification dated November 1, 1914, gave, simply as
an indication, the following figures:

Silicon 1 . 25 to 1 . 50 per cent.

Manganese . 50 to , 70 per cent.

Sulphur . 07 per cent.

Phosphorus . 07 per cent.

The percentage of carbon was not stated. The artillery quali-
ties AM or BM of pig-iron were recommended; these have the
following analyses:

c;i;„«T, A,T„^„o.,«=„ Phosphorus, Sulphur,

percent pe/cent ' ^^^^ ^^an lessthan
per cent. per cent.

^^^ ^^^^ p^^. ^^^^^^

AM pig-iron 1.75to3 1.50 0.09 0.05
BM pig-iron ltol.75 1.10 0.09 0.005

In case these grades were not available, the grades A or B
were to be taken, with an addition of 15 to 18 per cent, of steel;

the coke consumption for the heat in the cupola furnace being
from 15 to 18 per cent., with a pressure of blast equal to a water
column of about 18% in. The above figures can, however, be
varied within somewhat wide limits and the results be satis-

factory. The percentage of silicon in the final product can
also vary somewhat largeh', provided the proportion of man-
ganese follows in like progression. The cast iron may have
any of the following compositions, all of which give results

equally satisfactory:
Per cent. Per cent. Per cent.

Silicon 1.50 2.20 1.40
Manganese 0.44 0.98 0.70
Phosphorus 0.174 0.10 0.09
Sulphur 0.095 0.07 ^ 0.06

The "steely cast iron" now largely used is obtained in various
ways, directly or by mixture, in the open-hearth furnace, the
converter, the electric furnace, or the cupola. The melting in

the cupola is the simplest process, and the one most followed.
The charge consists of a m,ixture of pig-iron high in silicon,

about 2.5 per cent., the manganese being between 0.8 and 1.25

per cent., to which an addition of from 30 to 40 per cent, of

steel is made, unless high-class hematite pig is available, which
allows a reduction in the proportion of steel added. The loss

of silicon in the melting process, which has to be taken into

account, is 0.2 to 0.3 per cent. Projectiles cast of steel alone
would not have sufficientlj^ smooth and sound surfaces. Cast
iron alone is not suitable for shells containing a high explosive

charge, while cast iron with an admixture of steel solves the
diflficulty and yields shells having a sufficiently low dead weight
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In these latter, the wall thickness is greater than that of

wTought-steel shells, hut the shells of "steel}' cast iron "contain
a sufficiently large high explosive charge to produce remarUaltle
effects.

The French chemical specifications for shell steel are saitl

to be: Carbon minimum, 0.30 per cent.; Si, 0.15-0.25 per cent.

;

Mn, 0.50-0.80 per cent.; P, 0.03-0.08 per cent.; S, maximum,
0.05 per cent.

Alloys having remarkable properties at very high or very
low temperatures.—L. (Uii.t-kt. Rh-. metal. 11, I, 969-70
(191-4).—Alloys or metals having a high temperature resistance

have a breaking strength and an elastic limit of 5-8 kg. per sq.

mm. at about 750-800°. A Ni-steel alloy hardened with Cr
and W is described which has a breaking strength of 24 kg. at
800°. Another alloy shows a resistance of 50 kg. at —195°,
while soft steel gives a resistance of no more than 3 kg. at this

temperature. Tammanx cites two alloj's of Cr-Co, one of

which (Cr 25 per cent., Co 75 per cent.) has a resistance of

44.9 kg. at 720°; the other (Cr 30 per cent., Co 70 per cent.)

has a resistance of 65.1 kg. at the same temperature.

Allotropy of Metals

In the preface to the first edition of this book I made mention
that in its preparation I had often been puzzled by the fact that

the various constants of the elements as determined by appar-
enth' equally relial^le workers were hopelessly at variance.

Some researches of Professor Cohen at the Van't Hoff

Laboratory seem to give the answer to this seeming discrepancy.

To take a specific instance, dilatometric observations on the

metal showed a sudden change at 75°C. The metal below 75°

(the a modification) has a specific gravity of 9.732, the metal
above (/3 modification) 9.712. Although the tran.sition point

is well defined, quick cooling or quick heating permits the a
and /3 modifications to exist in the same mass.

Antimony also has strongly marked a and /3 modifications,

the tran.sition point being about 96°C. The transformation

temperature of copper is about 70.5°C.

The explanation, then, of the question of widely varying

constant.s, is apparently that a and modifications exist in

most of the metals and that accompanying a determination

of the con.stants should be a statement of the relative proportion

of a and )3 modifications. As it appears to be true that at

temperatures below the critical temperature the change from

/3 to a may be extremely slow, we might determine, .say, the

coefTicicnt of linear expansion of bismuth each month for 6

months and get a diflferent result each time, as what was origin-

ally a large amount of modification changed slowly over to a.

It does not appear, either, that it may not be found later

that 7 and even 5 modifications of some of the elements may not

be found.
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Fluxes for Soldering and Welding'

Iron or steel. Borax or sal-ammoniac.
Tinned iron. Resin or tin chloride.

Copper and brass. Sal-ammoniac or zinc chloride.

Zinc. Zinc chloride.

Lead. Tallow or resin.

Lead and tin pipes. Resin and sweet oil.

Aluminum. Borax 96 parts, sodium bisul-

phate 4 parts. ^

1 Megraw, "Practical Data for the Cyanide Plant."
2 Given as a Danish flux by Brass World, May, 1915. Seems very question-

able whether it will work.
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Some General Considerations Regarding Alloys

A pure metal is always softer than its alloys; it is usually
more malleable and ductile; the expansion of alloys by heat
cannot be calculated from the coefficients of expansion of the
constituents; the specific heat of alloys at temperatures con-
siderably removed from the melting points is the mean of the
specific heat of the metals composing them ; alloys never conduct
heat as well as the components; the electric conductivity is also

usuallv lower than that of either constituent.

Sheet-Zixc Gage
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Wire and Sheet Metal Gages Compared ^

E M
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IMPURITIES IN COMMERCIAL METALS

Aluminum: Fe. 0.18 per cent.; Si, 0.17; Na, 0.05; Cu, tr.

Electrolytic aluminum will carry 98.52 to 99.34 per cent. Al,

and Si from 0.07 to 1.14 per cent, according to Richards.

Analyses of ALUJnNtJM
(By W. n. WiTHF.Y, Nat. Phys. Lab.)

Copper. . .

.

Iron
Zinc
Silicon

Silica

Nitrogen. .

.

Sodium . . . .

Sulphur. . .

.

Pho.sphorus

0.0265
0.1829
0.0060
trace

0.333
0.040
trace

nil

nil

0.0800
0.4077
0.0120

. 2320
0.340
0.006
trace
nil

nil

0.0463
0.1972
0.0075
trace
0.290
0.042
trace
nil

nil

CHEsncAL An.alyses of Refined Copper^

Lake
Kloment wire

bar
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Antimony :i Cookson's: Pb, 0.041; Sn, 0.035; As, tr.; Cu,
0.04; Fe, 0.010; Zn, tr. Cookson's: Pb, 0.102, Sn, tr.; As,

0.092; Bi, none; Cu. 0.046; Cd, none; Fe, 0.004; Zn, 0.034; Ni
and Co. 0.028; S, 0.086; Sb (by difference), 99.608. Hallett's:
Pb, 0.669; Sn, 0.175; As, tr.; Cu, 0.038; Fe, 0.014; Zn, tr.

H.a.llett's: Pb, 0.718; Sn, 0.012; As, 0.021; Bi, none; Cu, 0.046;
Cd, none; Fe, 0.007; Zn, 0.023; Ni and Co, none; S, 0.128; Sb
(bv difference), 98.856. Japanese: Pb, 0.443; Sn, 0.175; As,

0.008; Cu, 0.034; Fe, 0.015; Zn, tr. Japanese: Pb, 0.424; Sn,
0.012; As, 0.095; Bi, none; Cu, 0.043; Cd, none; Fe, 0.007; Zn,
0.023; Ni and Co, none; S, 0.201; Sb, 99.195. Chinese: Pb,
0.018, Sn, 0.035; As, 0.017, Cu, 0.008: Fe, 0.007; Zn, tr.

Chinese: Pb, 0.029; Sn, none; As, 0.090; Cd, none; Fe, 0.004;
Zn, 0.027; Ni and Co, tr.; S, 0.078; Sb, 99.760.
Bismuth (American): Pb, Au, Cu, Sb, Te, traces; Ag, 1.37

oz. per ton; Fe, 0.009 per cent.

Copper (electrolytic): Cu, 99.89; Bi, none; Ni, 0.0100; As,
0.00108; Sb, 0.00515 per cent.; Ag, 0.96 oz. per ton. The
presence of a small amount of o.xygen, less than 0.06 per cent.,

seems to affect the copper beneficially, and in most of the elec-

trolytic copper, which carries from 99.89 to 99.94 per cent. Cu,
oxygen forms by far the largest part of the balance.

^

Iron, pure, is defined by the American Society for Testing
Materials (Atlantic City meeting, 1915) as containing under
0.02 per cent. C; 0.03 per cent. Mn; 0.03 per cent. S; 0.01 per
cent. P; 0.03 per cent. Cu.
Lead (electrolytic) : Ag, 0.29 oz. per ton; Bi, 0.0024 per cent.

;

Cu, 0.0010; As, tr.; Sb, 0.0066; Fe, 0.0028.

Lead (Parkes process), American: Bi, 0.066-0.110; Sb,
0.0028-0.0076; As, 0.00025-0.009 per cent.^

Nickel: Ni, 99.8+ ; Fe, 0.04; Si, 0.01.

Tin.—(Pulo Brani, 1892, after Henry Louis): Sn, 99.76;
Sb, 0.07; Pb, 0.02; Fe, 0.14 per cent.; Cu, .\s, none. English:
Sn, 99.73; Fe, 0.13; Pb, — ; Cu, tr. The presence of over 0.8

per cent, of copper spoils tin for tin-pot work, according to my
own experience, j^et Louis gives as a typic'al English tin analysis:
Sn, 98.64; Fe, tr; Pb, 0.20; Cu, 1.16 per cent.

Zinc.—The impurities found in zinc maj^ amount to 2 per cent,
of its weight. They are: Pb, Fe, Cd, Cu, C, Si, As, Sb, S, Sn,
Ag, TI, In and Ga. Tin has been found in New Jersey metal.
A moderate tenor in Pb makes zinc ductile and malleable, but
over 1.5 per cent. Pb renders it tender. Zinc for the brass
trade should not carry over 0.05 per cent. Fe. Cd is objection-
able if the zinc is to be used for zinc white. Copper and tin

1 Min. and Sci. Press, July 10, 1915.
' See also pp. 581 and 583.
' See also p. 568.
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both render the zinc liard and brittle. Arsenic renders spelter
brittle and hard to melt. It is also objectionable in zinc which
is to be used for generating hydrogen or in cyanide precipitation,
owing to the danger of poisoning workmen with arseniuretted
hydrogen.

Roasting

Details of Moxtana RoASTiNG-FtrRi^ACES
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Brown-O'Hara, Ropp, etc., would serve no useful purpose.
However, a comparison of Huntington-Heberlein pots and
Dwight-Lloyd roasters, made at a works where both are used,
is of the utmost interest.

Such a comparison was made by W. W. Norton, regarding the
plant at Murray, Utah, at the Salt Lake meeting of the A. I. M.
E., August, 1914.

Sulphur Limits of Roasting Equipments

At the Murray plant, modern roasting practice is fully exem-
plified and there are now in successful operation roasting fur-

naces or devices of several sorts; namely, Godfrey revolving-
hearth furnaces. Wedge multiple-hearth mechanical roasters,

Dwight-Lloyd sintering machines, and Huntington-Heber-
lein pots. Godfrey and Wedge furnaces will properly handle
material high in sulphur, say ores with 25, 30 and 35 per cent, of

that element; D. & L. machines and H. & H. pots will posi-

tively not treat efficiently ores or mixtures containing anywhere
near the sulphur content mentioned, but are confined to charges
containing from 15 to 18 per cent. In passing, it may also be
explained that, so far as the knowledge of the writer goes,

Godfrey and Wedge furnaces do not economically eliminate
sulphur to an extent sufficiently low for lead-smelting practice.

With these simple facts in mind, it will be perfectly clear to all

that the metallurgist in charge may elect to treat sulphide ores
in either of two ways: He may preroast in Godfrey and Wedge
furnaces and subject the partly roasted product to a final treat-

ment on D. & L. machines and H. & H. pots, or he may dilute

the average sulphur in the raw ore to 15 or 18 per cent, by means
of an admixture of the requisite quantity of non-sulphur fines

and send the mixture thus obtained to D. & L. and H. & H.
machines. The Murray plant does both. A certain flexi-

bility is thus afforded for a segregation of the various classes

of sulphide ores; moreover, in the matter of oxide fines, one
can limit screening operations to a point deemed best
metallurgically.
Godfrey and Wedge furnaces are essentially preroasters;

D. & L. machines and H. & H. pots are final roasters. At
Murray all final roast is either D. & L. or H. & H.

Cost of Installation

The Murray plant is equipped with two D. & L. machines,
the total daily capacity of which may be stated at 220 tons, and
23 H. & H. pots, with capacity of 400 tons. It would, of course,
be manifestly unfair to compare directly the total costs of these
two installations, but it seems quite safe to say that for almost
an}"- given tonnage capacity a D. & L. plant can be built for
considerably less than an H. & H. plant, it being understood
that by H. & H. is meant the converting-pot portion of an in-

stallation only, with no reference to Godfrey furnaces. In the
case of the H. & H. one must have heavy cast-iron pots for
handling ore in comparatively large units, expensive overhead
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handling crane, substantial cooling floor, and, finallj', a crusher

which the D. <fe L. does not require. The cost of the installa-

tion item must be put down in favor of the D. & L. plant.

Cost of Roasting

Any discussion of roasting costs should, of course, be based on
units of sulphur eliminated. In a general way, our experience

has shown that the D. & L. will reduce an initial sulphur of about
15 or 16 per cent, to about 4 per cent, in the roasted product,

while the H. & II. is capable of handling a slightly higher initial

sulphur, say 17 or 18 per cent, with resultant 5 per cent, in

product. During a recent period of 47 consecutive days, it is

known that units of sulphur eliminated per ton of charge at the

D. & L. practically equaled units of sulphur eliminated per ton

of H. & H., and it is probable that an exhaustive examination of

Murray plant roasting records would show about the same
amount of sulphur per ton of charge driven off as between the

two sorts of roasters now under review. It follows that figures

representing costs of roasting are truly comparable.
The limitations of this paper will not permit of a detailed

review of roasting costs, but it may be stated that during the

entire j'ear 1913 the II. & H. made the better showing to the

e.xtent of about 5 cts. per ton roasted, and for the first 3

months of 1914 the II. & II. also had an advantage of about 3

cts. per ton. Murray experience, everything considered, indi-

cates slightly lower costs for II. & IL, as compared with D. &
L., but the fact that all calculations are based on operations at

an H. & II. plant having twice the capacity of the D. & L. plant

must not be overlooked.

Wide Range of Charge

Any intelligent discussion of analysis of raw charge to roasters

should have the fundamental thought in mind that the metal-

lurgist must treat what comes to the plant. He cannot always

be favored with the proportions of sdica, iron and lead which
would give the best results, consequently the adaptability of

any given roasting device to a variety of materials will be

accepted as an item of far-reaching importance.

Two or three years ago, in connection with a visit to three

or four custom lead-smelting works newly equipped with D. &
L. machines, the writer was somewhat impressed with the limi-

tations placed on the charge the machines \yere capable of

handling. Inquiry brought forth the information that certain

sorts of materials could l)e attcTuptcd only by resort to a .special

layer of fine limestone or other infusilde material carried next to

the grates; any percentage of raw matte at all seemed out of the

question; zinc was naturally "side-stepped" as highly deleteri-

ous; much stress was placed upon the proportion of silica to

the iron, and nearly all the enthusiasts demanded a goodly

percentage of lead provided a choice quality of sinter was to be

in evidence. Of late, however, the staff at Murray have found

that a wide range of mixtures maybe efficiently handled over
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the D. & L., and have no doubt that equally good progress has
been accomplished at other works. Preroasted ore, any kind of

raw sulphide ore or concentrates, flue dust, preroasted matte, or
even raw matte may be combined in certain proportions and
successfully sintered over these machines. A sufficient quantity
of non-sulphur diluent to bring the average of the mixture down
to 16 per cent, sulphur mu.st always be added and, of course, the
details of operation must be cared for. However, equally satis-

factory results have been attained with H. & H. pots.

Turning now to physical character of the raw ore, it is, of

course, recognized that the air currents are required to permeate
a thin layer of charge in case of D. & L. treatment, whereas
the pot roasters are committed to a much thicker layer; but a
physically fine charge will restrict tonnage on D. & L. just as

surely as it will in H. & H. pots, although the D. & L. process is

able to treat slimes or rather fine material which it would be
wholly useless to attempt to treat in the H. & H. B}' way of

summing up, it may be stated that the D. & L. process possesses
a slight advantage over the H. & H. in the matter of flexibility

or range of charge, because the D. & L. permits more delicate

application of operating details which are essential to success;
also extremely fine materials find no proper place in the H. & H.
charge.

Lead Losses

We have certain data at hand showing a moderate lead loss

on D. & L. machines, these data being based on standard operat-
ing conditions during which the resultant gases and fumes were
sampled and analyzed. No data available covering losses with
H. & H. pots. The expense and difficulties in connection with
accurately sampling an H. & H. output of 400 tons per day need
not be pointed out and gas measurements and samples taken
from the combined gases of 2.3 pots on two diff'erent main
flues might eventuate in metal-recovery data not wholly
dependable. . . . It is regarded as doubtful if the D. &
L. process is productive of any lower metal losses than is the
H. & H. process.

Physical Condition of Product

Final-roasting treatment results in a sintered or agglomerated
product, and material of a desirable physical character is passed
along to the blast furnaces. The D. & L. sinter is usually of a
porous or cellular structure; the H. & H. tends to greater density
or firmness. Published and unpublished opinions of metal-
lurgists have sought to show that the peculiarly open or coke-
like structure of the D. & L. sinter carried with it certain e.xtra-

ordinarily favorable properties when subjected to the smelting
process in the blast furnace, and have even claimed appreciable
.saving in the coke percentage used for smelting. Rather
exaggerated ideas concerning the efficiency of an exposure of

porous surfaces to contact with reducing gases have been ad-
vanced and intimate mixtures (possibly intimately combined
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silica and lead) have been proclaimed as "predigested," and
therefore more easily reduced. The writer believes that a partly
fused or "predipested" combination may tend to poor results

rather than to good results when smelted, for the reason that
such substances fuse at too low a temperature in the furnace.
Certain writers havegone so far as to examine the cell structures
of the D. I'S: L. product microscopically and have declared that
glazed or unglazed surfaces have a hearing upon the readiness
with which the products were later reduced in furnaces.

With all due respect to the theories above set forth, it was
considered that more dependable conclusions could he drawn by
means of actual operating tests and accordingly the Muhk-'VY
furnaces during 5 days of August, 1912, were run on two
charges, the one containing no D. & L. roast at all, the other

Test Charges
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ensue.) That both of these products of modern roasting
development help the speed of furnaces enormously is certainly

a fact. The final roasters of modern smelters, in supplanting
the old hand roasters and fine-ore-producing mechanical fur-

naces, have verj' naturally served to increase blast-furnace
tonnages to a remarkable extent.

As to which product is the better physically, that is to say,

which will produce the heavier tonnage at blast furnaces, a
first-class D. & L. sinter does not excel a first-class H. & H.
agglomerated product. Moreover, given an inferior quality of

both, it would seem that the admittedly cellular or at times
fragile D. & L. can hardly equal the more firm and stable H. & H.
Here, again, however, real experience at blast furnaces may
outweigh mere conjecture or theorizing, so the following data
are submitted with the idea of showing that in this instance at
least the physical character of the D. & L. produced no better
tonnage at blast furnaces than did the phvsical character of the
H. & H. On Aug: 12 and 13, 1912, the following two charges
were smelted side by side with the same coke percentage, the
same blast pressure and as near like conditions in other respects
as it was possible to obtain

:



522 METALLURGISTS AND CHEMISTS' HANDBOOK

itself some new roasting system will take rank over both within n

few years.

Copper Roasting.—The cement kiln and Dwight-Lloyd arc

both being used on flotation concentrates, which apparently

are the most troublesome item with which the roaster has to

deal. The Wedge, Herreshoff and McDofgal furnaces are

being used on larger material. What any one of them will do
on an unknown ore seems to be mainly a matter of experiment.
The table on p. 516 gives some working data.

Lead Roasting Furnace Dimensions'

LON'O-BEDDED HaND-ROASTIXO FuRNACE WITH LeVEL HeARTH

I II III

3' 4"

U.6»
57.5:1

Length of hearth
Width of hearth
Hearth area, sq. ft

Length of grate
Width of grate
Grate area, sq. ft

Ratio hearth to grate area
Space above fire bridge, length
and width

Space above flue bridge, length
width No flue bridge
Height of fire bridge above hearth 14"

Height of roof above fire bridge. .
|

18"
Height of flue bridge above hearth
Height of roof above flue bridge
Depth of grate below top of

bridge

Character of ore

60'
14'

840

66'
16'

1056
7' 9"
2' 6"
19.4
54.5:1

75'
14'

1150
8'

3' 6"

28
41:1

7'9"X2' 2"
,

7' 9"X2' 2"
1

2' 6"X 1'

:{
Depth of charge near flue bridge.
Time ore remains in furnace, hr.

.

Tons of raw ore per 24 hr
Lb. ore roasted sq. ft. of hearth
area

Character of roasted ore

14"
}6 galena
^4 pyrite

3-4"
32
8.1

4'2"X8"
12"
20"

16"
I

15"
;

15"
I

Matte
I

Concentration

Per cent. S in roasted ore.

20
Partly
sintered

12

24
12

21.8
Pulverulent

No flue bridge

I

20"
12"

17"
Pyritic
Galena

5"
24
9

15.65
Partly
sintered

3

Brick used. Clay brick inside, red brick or second-class clay brick.

Average thickness of side walls. 18 to 30 in. Thickness of roof, 9-15 in.

Roasting Table ^

1 kg. FeS becomes 0.909 kg. FeaOa
1 kg. FeSz becomes 0.667 kg. Fe203
1 kg. PbS becomes 1.268 kg. rbS04
1 kg. CaCOs becomes 0.560 kg. CaO
1 kg. MgCOa becomes 0.476 kg. MgO

• "Metallurgy of I,ead," H. O. Hofman.
' Not clear how this figure is obtained.
• Inqalls, " Metallurgy of Zinc."



GEXER.\L MET.\LLURGY 523

Length of Time Coxsumed ix Burning Heaps of Various
Heights^

Height
in feet

Juality of
ore

Sample Percent. Per cent. Days
number i

sulphur copper burning

5
5
5

5H

6
7
7
7H

Pyrite
Chalcopyrite
Bornite and pyrite.

Copper glance and pyrite
in quartz

Ignition and Incandescence Temperatures, Deg. C, of
Some Metallic Sulphides, Heated in Air^

Material
Size of
grain

First notice
of SO2

Incan-
descence

Pyrite

Pyrrhotite

Nickel sulphide,
Xi, 73 . .3

S, 26.7
Cobalt sulphide

Co, 66 . 37
S, 33.63

Cobalt sulphide
Co, 70.20
S, 29 . 80

Stibnite

Molybdenite

Cinnabar

Chalcocite ,

Bismuth sulphide
Bi, 83.3

Manganese sulphide,
Mn, 61.01, Fe, 2.02, S, 33.98

Argentite

Blende

Galena (a)

Millerite

32.5

405
472
430
525
590
700
802
886
574
684
859
614
751
1019
200
340
240
508
338
420
430
679
500
626
355
700
605
875
647
810
573
616
573
616

533

'595'

850

' Peters, " Modern Copper Smelting."
2 HoF.MAN, "General Metallurgy," p. 404.
I = 0.1 mm.
II = 0.1 to 0.2 mm.

Ill = over 0.2 mm.
(o) In oxygen.
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Dissociation Temperatures of Certain Earths and Salts

The following dissociation tcniporaturcs wore obtained bj- W.
Hempel and C. Schubert, and were determined by heating in

an electric oven and determining the end points by the evolved
gas volumes. The temperatures were determined with a Le-
Chatelier pyrometer. (See also p. 291.)

Material BeginninK of End of
decomposition i decomposition

Brown iron ore
Hematite
Lead peroxide
Potassium permanganate.
Potassium bichromate. . .

Lead chromate
Potassium nitrate

Sodium nitrate ,

Spathic iron ore -

Strontianite
Magnesite
Blende
Pyrite
Copper sulphide
Arsenical pyrites

Copper pyrites

ro-500'^c.
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Metallurgical Slags

In metallurgy, slagging is the formation, at elevated tem-
peratures, of any fluid or semi-fluid mass, with the separation
from it of a metal or metalloidal residue. Slags may be waste
products, as in lead, iron or copper smelting in the blast furnace,

or they may be extremely rich products which must be re-

treated, as the slags from copper-refining furnaces or from
slimes smelting.

The ordinary constituents of the metallurgist's slags may be
grouped as follows

:

Bases: FeO, CaO, CujO, PbO, MnO, ZnO, MgO, BaO, KjO,
NaaO, AI2O3 (sometimes).

Protecting agents: S, As, Sb, Te, Se.

Reducing agents: C, S.

Acids: Si02, AI2O3 (sometimes).
Neutral solvents: CaF2, Na2C03, K2CO3, CaCl2, borates.
Slag Degree.—The metallurgist names his slag by the rela-

tive amounts of oxygen combined with acid .and base. Thus
a bisilicate slag is reO-Si02, since there is twice the oxygen
combined with the silica as with the iron. It follows, then,

that the bisilicate of the metallurgist is the silicate of the
chemist. A metallurgical monosilicate is (FeO)2-Si02; a sesqui-
sihcate (FeO)4;(Si02)3.

Iron.—Within reasonable limits, the larger the amount of
iron the more fusible the slag. Slags rich in iron are dangerous
in a lead furnace, as high iron seems to promote the formation of

Degree C
1300

1250

1200

1150

1100

1050

Degree C
1300

1250

10 20 30 40 50 60 70 80 90 100
Percent Silica

Formation temperatures of fer-

rous silicates. (Hofman.)

1200

1150

1100

1050

0.5 1.0 1.5 2.0

Silicate Degree

Formation temperatures of fer-

rous silicates. (Hofman.)

crusts. But high iron is considered a necessity, by some, when
zinc is present, as it is said high iron promotes the solution
of ZnO.

Pyrite—loses one atom of sulphur and enters the matte to
the extent of 70 per cent, or over, except in pyritic smelting.

Manganese.—In general its effects are similar to iron, but it



526 MET.\LLURGISTS AND CHEMISTS' HANDBOOK



GENERAL METALLURGY 527

makes a less fusible and more liquid slag than iron. It should
be used with as acid slags as are economical. It seems to carry
silver into the slag. It reduces the dissolving power of the

gl250

pt200

gliso
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siderable extent, but magnesia and zinc arc incoinpatibles.
The Mg slags usually do not flow well.

Fluorspar—forms extremely fusible slags -and will dissolve
anything.
Alumina—apparently acts as a base if much silica is present,

as an acid if the silica is low, alwaj's as a nuisance. In my own
work it has seemed to make a most unhappy mixture with high
magnesia. Some successful slags with high alumina are given
on p. 511. It may be only an accident that they were successful.

In iron practice the upper limit of alumina seems to be reached,
according to J. E. Johnson, Jr., at about 13-14 per cent. Mr.
MpNK of the Shenango Furnace Co. has run slags, carrying
18-23 per cent, of AljOs, but they were tough and pasty, and
coke consumption was high. On the other hand, a slag carry-
ing 10-15 per cent, of AI2O3 usually is a better running slag than
one carrying only 7. That is, there is a lower danger line as
well as an upper.

Barium.—It enters slag as silicate and matte as sulphide,
making the former heavy, the latter light, and thereby hindering
settling. A barium-iron slag is usually not very fluid, is opaque,
steel gray to black, with vitreous luster, and usually is strongly
magnetic.
Blende and zinc oxide—cause more difficulty in the blast

furnace than anything else. ZnS in the matte lowers its

fusibility; ZnO in the slag renders it less fusible. (It goes to

slag and matte in about equal proportions.) It carries other
metallic sulphides into the slag, and makes furnace accre-

tions. It is most disastrous in combination with magnesia
and alumina.

Successful high-zinc slags in lead smelting are said to have
been:^

Recommended Le.\d Slags Carrying High Zinc*

SiOj
FeO
CaO...
ZnO



GENERAL ^METALLURGY 529

Silicates of magnesia, from 3 to 3.3. Silicates of lime, from
2.6 to 3.

Alkaline silicates, about 2.5. Uncombined silica, 2.6.

Bisilicate of barium, 4.4. Silicate of lead, 7.

Ferrous sulphide, 4.8. Calcium sulphide, 4.

Magnetic oxide, 5. Sulphate of barium, 4.5.

fiiO,=>70

SiO:

FeO

SiO.

Triaxial diagram of some ferrous-calcium silicates. (Hofman-Babt;.)

Calories

I
""lotaTHeafrorSoTrarficatiOT:

c o o o o o

Formation temperatures and total heats of solidification of the calcium-
aluminum singulo-silicates.
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SiOi-30

Triaxial diagram of total heats of solidification of calcium-aluminum
silicates.

Degrees C

5 10 15 20 25 30 35 40 45 50 55 60 CZ^AUOa
CaO*-100 95 90 85 80 75 70 C5 60 55 00 45 40 35 CaO'

Formation temperatures of the calcium-aluroinum siogulo-silicates.
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37.15 SiOo=0
62,85 AhOs^lOO

Formation temperatures, AlsOs-SiOs series,

(After Shepherd and Rankine.)

12300

CaO 10 20 30 40 50 60 70 80 90 100

SiOiW SO 80 70 CO 50 40 30 20 U
Freezing temperatures, CaO-Si02 series,

(After Shephekd and Day.)
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Matte Smelting'

In order of decreasing affinity for sulphur' the chief metals
stand thus according to

Focrnet: Cu. Fe, CoXi, Sn, Zn, Pb, Ag, Hg, Au, As, Sb.»

ShCtz: Mn, Cu, Xi, Fe, Sn, Zn, Pb.i

1400

1350

1300

1250
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Specific Gravities of Matte-fonning Compounds^

Substances having a specific gravity not greater than 4.7:

the sulphides of zinc, molybdenum, calcium and manganese.
Substances having a specific gravity between 4.7 and 5.5:

the sulphides of barium, iron, cadmium, nickel, cobalt, and cop-
per; and the magnetic oxide of iron.

Substances with specific gravities from 6 to 9: the sulphides
of silver, lead and bismuth; the arsenides and antimonides; and

S?Os=30

CaO

SiO.=40

MgO

o
"o ^o "o "o %

o "a ^ % ^ -

Triaxial diagram, heats of solidification of the calcium-magnesium silicates.

the sulpharsenides and sulphantimonides of silver, copper,
bismuth, lead, iron, cobalt and nickel; and metallic lead, iron

and copper.

Formation-Temperature Charts

In the illustrations on pp. 506-509 are plotted certain type
mixtures of ferrous-calcium silicates and silicate-aluminates,
calculated to a basis of CaO -|- FeO -\- Si02 = 90, together with
the formation temperature corresponding to the mixture. To
use these, determine the general tj-pe to which the slag corre-

sponds, and then find the ordinate corresponding most closely

to its composition, and read the formation temperature on the
ordinate.

iHofmak's "General Metallurgy," p. 74.
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46.91 re

4109 Si 02

SHEET NO. I

afeO SiOj bCaO Si 0j=90

Bisilicate Slags

55.?rFeO .

34 79iK)j

;

46.66 Si Oj

45.54CaO

SHEET NO. 2

a (FeO)_^ (SiOz) +bCaO&.Oi

Ferrous Se&<|ui&ilicate.Calcium Bisilica+e

See p. 505 for explanation of these charts.
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55.21 FeO S

34.79SiOjg

49. 79 Co

rr 40.21 SiOj

SHEET. NO. 4- ^
^a(FeO)4(SiO:)5^-b(cio)4(Si02)s ^
« Ferrous SesqulsiIicof'e.Ca'cium, "o

.SesauisUiajfe

63.56FeO|s

26.62 SlOz^iSz

49.73 CaO

40.21 S.Oj

o SHEET NO. 5

^ £.(reO)2SiO2tb(CaO)4(Si02)s -B,

b Ferrous Monosilicofe; .5
'-' Calcium Sescjvisilicafe iJi
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I fHi [inmi M rn'TTTTiTFiirnTTTF i i ii 1 1 1 1 it 1 1 1 1 1 1 1 1

1

1 ffrt
58.51 CaO

29.62 FeO

31 .-49 510?

tilers tilers

SHEET NO. e
o(FeOhSiO: b(CaO)2SiOz

Ferrous t1onosilicate;Calcium Monosilica+e

40.00 CaO

USOCaO
15.21 AljiJs

- o

SHEET NO.r
\;(FeO)a(C<.0)t(Al20j)t(SiOj)d >

;|

i Ferrous Calourn Silicates- = <)
~ Alumlpates f .:?

i •§!

1* rS
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63.38FeO

I
2&62Si02S-

5(FeO)a SiOj FeOSiOj+CoOSiOz

« SHEET NO.

3

" «i(FeO)aSi02+bCaO SIOj

Ferrous Monosilicate; Calcium BisiliCate

Metallurgical Factors'-

Orthosilicate Slags

To use the tables on page 511 for metasilicates, CaSiOs,

Xa-iSiOa, etc., double the amount of silica found in the table.

To use it for mesosilicates (CaO)3 (8102)2, (Na2)3( 8102)3, etc.,

increase by one-third the amount of silica in the table.

1 From H. L. Well's "Chemical Calculations," Heary Holt & Co., New
York.
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Orthosilitate Slag Factors

Giv.ii
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Alumina Slags (accordixg to Henrich)

Si02 AI2O3 FeO CaO

Singulo" slag (FeO)4 (CaO)8 (Al203)2 (Si02)3
'Sesqui"slag(FeO)6 (CaO)6 (Al203)2 (Si02)«.
'Bi" slag (FeO)8 (CaO)4 (Al203)2 (Si02)9

16.05 18.22
27.15 15.31
35.12 13.21

25.73| 40.00
32. 32' 25.22
37.17! 14.50

Some Ptritic Slags^

Made by
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Balling's T.-vble for Alumina as Acid
To form (.M0)3 AljOa

1 part AliOj requires parts of
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IL Ratios of Molecular Weights

.541

CaSiOa
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IV. Composition of Type Slags
(Calculatod to a 90 per cent, total)

Compound Si02 FeO

FeOSiOj
4(FeOSiOo) + CaOSiO^ . . .

3(FeOSiOo) + CaOSiOa . . .

2(FeOSiOo) + CaOSiOa . . .

3(FeOSi02) + 2(CaOSi02)
FeOSiOo + CaOSiOj
2(FeOSiO) + 3(CaOSiO,) .

FeO-SiOa + 2(CaOSiO.>) . . .

FeOSiOj + 3(CaOSiO,) . . .

FeOSiOa + 4(CaO-Si02) . . .

CaOSiOs
(FeO)4(Si02)3
4(FeO)4(Si02)3 + CaO-SiO,.
3(FeO)4(SiO)3 +2CaOSi02.
(FeO)4(SiOo)3 + CaOSiO-,. .

2(FeO)4(Si02)3 + SCaOSiOa
(FeO)4(Si02)3 + 4CaOSi02.
CaOSi02
(FeO)2Si02
4(FeO)2Si02 CaOSiOz
3(FeO)2Si02 + 2CaOSi02. .

.

(FeO)2Si02 + CaOSiO.
2(FeO)2Si02 + Ca0Si02. . .

.

(FeO)2Si02 + 4CaO-Si02. . .

.

CaOSiO,

41.1
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Total Heat in Calories per Kg. of Melted Slag
(.\fter AkermaxI
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Copper converters:
Matte introduced 1170°C.
Turned down to skim 1297°C.
Turned back to blow. 1284°C.
Cooling during skimming IS^C.
Temperature of escaping gas at end of 10 minutes 1260°C.
Temperature of escaping gas at end of 20 minutes 1270°C.
Temperature of escaping gas at end of 30 minutes 1275°C.
Temperature of escaping gas at finish 1195°C.

Copper-refining furnaces:

Charge melted and ready to rabble 1141''C.

After 25 minutes rabbling 1103°C.
After 75 minutes rabbling 1103°C.

At end of rabbling 1103°C.

After 20 minutes poling 1110°C.

At end of poling 1117°C.

Heated to 1125°C.

After ladling 20 minutes 1121''C.

Lead blast-furnace work:
On two-fifths slag, Fe. 30 per cent.; CaO, 12 per cent.; AljOj,

8 per cent.; SiOj, 31 percent., Zn, 10 per cent.; was 1126°C.

On half slag, UU°C.
On three-fifths slag.Fe, 30.5 - 31 per cent. ; CaO, 15 - 14.5 per

cent.; Al'-Oa, 6.4-6.6 percent.; SiOj, 34-32 per cent.; Zn,

5.8 per cent.; MgO, 1.3 per cent., MnO, 3.7-3.8 per cent.,

1170°-1149°C.
The temperature change seems to be about 9°C. per cent, of

silica up or down, from the above figures.

Reverberatorv smelting—copper matting:
Slag temperature 1200'-1310<'C.'

Slag melting point 1190°-1285°C.'

Furnace temperatures 1260°-1725°C.'

Reverberatorv roasting—leadv mattes:
1215°C. at fire box to 505°C. at flue end.

Reverberatorv smelting flue:

1.300°C. at "furnace; 1217" at 14 ft. from furnace; 1112° at

27 ft.; 1097° at 41 ft.; 1045° at 54 ft.; 911° at 67 ft.; 807°

at 80 ft.; 767° at 94 ft.; 727° at 107 ft.; 642° at 120 ft. (foot

of stack).

Iron^
Deg.
C.

Blast furnace at tuyeres 2000
Blast-furnace tapping 1600
Open-hearth furnace during boil 1500

' Rounded averages (to nearest 5°C.) of figures given by G. H. Clevenoer
Metallurgical and Chemical Engineering, August, 1913. Other figures not
averaged.

= Stowe-Fuller Co.'s catalog.
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Medium-hard steel at tapping 1600
Gas leaving producers 700
Gas leaving regenerators 1200
Air leaving regenerators 1100
Waste gas at stack 300
Medium steel ready to roll 1050
Glass pots working 1050
Glass pots refining 1325
Tanks for casting glass 1325
Crucible-steel furnace 1300
Cement rotary clinkering kiln 1684
Ingot being rolled 1065
Heating furnace 1 1 50

Modern Copper Blast Furnaces^
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Blower Capacity

Iron Cupola Work.—500 cu. ft. of air per minute is required to

melt 1 ton of pig iron per hour.'

Rotary blowers seem to require 5 hp. for every 1000 cu. ft. of

air discharged at 1 lb. pressure.

-

Copper Blast Furnaces.—At the Tennessee Copper Co. 1000
cu. ft. per minute per linear foot of furnace is the rule (56 X 270-

in. furnace). At Mt. Lyell 20,000 cu. ft. at 64 oz. pressure is

used per minute in a 54 X 210-in. furnace. At Great Falls,

Mont., a furnace 84 X 180 in. at the tuyeres receives 17,0(X)

cu. ft. of air per minute. The Sasco, Ariz., smeltery u.sed

13,000 cu. ft. per minute at 24 oz. pressure for a 43 X 192-in.

furnace. Cananea used 12.000 cu. ft. per minute at 16 oz.

pressure for a 48 X 210-in. furnace.

Converters.—The Copper Queen works figures that it re-

quires 85,800 cu. ft. of blast to convert 1 ton of matte to blister

copper.

Operations at the British Columbia Copper Co.'s
Smeltery'

Blast furnaces.—The blast furnace building is 150 ft. long
by 60 ft. wide and contains three water-jacketed blast furnaces
placed end to end, with space between them for the minor axis

of a 10 by 18-ft. oval settler. The two outside furnaces, Nos.
1 and 3, are each 51 by 360 in., while the middle one, or No. 2,

is 51 by 240 in. in area at the tuyeres. The vertical distance
from the center of tuyeres to the feed floor is 16 ft., and to the
sole plate 37 in., the other furnace dimensions being as follows:

30-ft. Furnace 20-ft. Furnace

Hearth area, sq. ft 127 .

5

85
Center tuv^res to tapping floor 5 ft. 3 in. 5 ft. 3 in.

Height of'bottom jackets 9 ft. in. 9 ft. 3 in.

Width of side jackets 3 ft. 4 in. 3 ft. 4 in.

Width of end jackets, bottom 3 ft. 8 in. 3 ft. 8 in.

Width of end jackets, bottom 6 ft. 2 in. 6 ft. 2 in.

Number of tuyeres 72 48
Diameter of tuyeres 4 in. bushed to 3^ in.

Area of tuyeres 597 . 4 sq. in. 602 . 9 sq.in.

Tuyere area per square foot of hearth
area 4 . 65 sq. in. 7 . 09 sq. in

Center line to center line tuyeres 9.25 in. 9.25 in.

Water space in jacket, 4 in.; plate used on inside ^ in.; on
outside, % in.

A Resume of Furnace Operating Data, B. C. Copper Co.

Tons smelted per day, 2250.0; tons smelted per square foot

of hearth area, average, 6.62; tons smelted per square foot of

hearth area, maximum, 8.70; tons smelted per man per day,

> HoFMA.N-, "General Metallurgy," p. 777.
^Jbid., p. 771.
« From a paper by F. K. Bru.nton, Trans. A. I. M. E., 1915.
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35.70; Cu, on charge, per cent., 0.8 to 1.2; Cu. in matte, per
cent., 30.0 to 45.0; Cu in slag, percent., 0.22 to 0.27; S on charge,
per cent., 2.00; S burnt off, per cent., 85.00 to 90.00; coke used
on charge, per cent., 12.00 to 14.00; coke ash, per cent., 20.00
to 28.00; blast, cubic feet per minute, 25,000; blast, temperature,
atmospheric; cooling water for jackets, gallons per minute,
2500; men per 8-hour shift, 21.0; matte, per cent, of total

charge, 1.65; matte, specific gravity, 5 to 0; slag, per cent.,

SiO., 38 to 45; Fe, 13 to 20; CaO, 20 to 26; AI2O3, 6 to 9; specific

gravity, 3 to 3.2.

Kind of labor
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Briquette mill handled 1057 cars of blast-furnace flue dust
and made 398 tons of briquettes.

Briquette cost SO.945 per ton for labor.

Distribution of smeltery payroll for same month and cost of
labor per ton of ore smelted

:

Payroll
distribution

Cost of labor per
ton of ore smelted

Sample mill. . .

.

Bins
Briquette
Furnaces
Slag disposal. .

.

Linings
Converters
Crane
Water system .

.

General surface.

Power house. . .

S318.05
729.35
376 . 65

6,508.35
1,413.65
615.60

1,016.85
277.25
224.65
430 . 15
585.60

Total 812,496.15

$0.00462
0.01060
0.00546
0.0958
0.0206
0.0078
0.0147
0.00403
0.00326
0.00624
0.00850

S0.1S161

J.\CKET Water Required'

Hearth area.
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Fettling Practice at North American Smelting Works'

The fettling of reverberatory furnaces has undergone marked
change in the last 8 or 10 years. This is well illustrated in

the table on the preceding pages, which has been compiled from
replies received from officials of the leading smelting works in

North America that use reverberatory furnaces. The table

presents in concise form much interesting data regarding the
reverberatory furnaces of the country, but the most striking

feature is the diversity in fettling practice between the older and
newer plants. Most of the newer works fettle the furnaces
through the roof, while the older plants throw the fettling in

through the side doors. The older works still use for the most
part quartz or other high-silica material, and naturally use this

fettling as sparingly as possible. The newer plants, on the other
hand, drop almost any material on the sidewalls and in large

quantities, the idea being that the sidewalls will be protected
if a sufficient amount of cold materials be dropped thereon. It

should be remarked, however, that most of the plants that
fettle through the roof use ores or products containing sulphur,

some carrying the revolution so far as to use raw concentrates,

or converter slag or matte cleanings—materials that a few years
ago would have seemed absolutely heretical.

When the fettling was dropped through the roof on the side

walls in great quantities, some of it naturally floated out into

the furnace, and after some e.x'perimentation it was found that

raw ore, floating off with the slag, during skimming, was
increasing the metal loss; this led to the use of siliceous ores

containing copper as sulphide, in which form it would be readily

removed by the heat of the furnace. This practice has been
carried still farther by the use of ores carrying as much as 1.5

per cent, sulphur as at Douglas, and also by the use of raw con-
centrates, as at Cananea and elsewhere, confirming the hy-
pothesis that a large quantity of cold materials was what was
needed to protect the side walls.

It should be borne in mind in consulting the table that much
of the data is approximate and subject to the personal equation
of the official answering the series of questions submitted. For
example, in the matter of tonnage figures, it may readily be
that one official is reporting the tonnage of his furnace under the

best normal operating conditions, whereas another may have
given the average tonnage actually smelted in a given month,
thus including interruptions or accidents that invariably reduce
the actual tonnage smelted below the average of the furnace

under the best conditions. Hence the tonnages given should be!

merely regarded as approximate. In several instances officials

went to the trouble to point out that molten converter slag was;

not included in tonnage reported. This is what would normally
be expected, but it is not clear whether this is the case in every
instance. The answers to the various questions have been
inserted in the table in the original phraseology of the reporting

1 Eng. and Min. Joum., Oct. 17, 1914.
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official wherever that was consistent with a proper interpreta-

tion by comparison with other data submitted. The subsidiary
table showing the analyses of the slags and of the fettling

materials will be of interest, and some of the other incidental
information will attract attention, particularly that touching
on the practice in Montana, where some important changes are
taking place.

Coal-dust Firing of Reverberatories^

A general discussion by C. J. Gadd of the principles of coal-

dust firing appears in the Journal of the Franklin Institute for

1916, p. 323. The main points are as follows: Powdered coal,

vsed as a fuel in metallurgical furnaces, should be high in

volatile matter and low in ash, and should not contain over
0.75 per cent. H2O. At least 95 per cent, of the coal should
pass through a sieve with 100 meshes to the linear inch, and
over 83 per cent, through a 200-mesh sieve; it must be delivered
to the furnace "in a thoroughly atomized state," and combus-
tion mxust be completed while the coal is in suspension. Deliv-
ery to the furnace must be uniformly controlled, and the personal
equation reduced to a minimum. WTiile anthracite, lignite and
coke breeze may be used, the most desirable fuel is bituminous
coal, high in volatile matter and low in S and ash. The coarse
coal should approximate the following analyses:

For heating For open-
and puddling hearth
furnaces, furnaces,
per cent. per cent.

Volatile matter not under ... 30 . 00 36 . 00
Fixed C not under 50. 00 52 . 00
H2O not over 1.25 1.25
Ash not over 9 . 50 6 . 00
S not over 1.00 1.00

Powdered coal should be handled in bulk; aerial propulsion
and transfer in the form of dust clouds should be avoided on
account of the danger of accidental ignition. Powdered coal,

stored for any length of time, tends to fire, pack, and collect

moisture. Spontaneous combustion invariably occurs within
6 days with a moisture content of approximately 0.75 per cent,

and a S content of 1.0 per cent., and may occur within 24 hours
if the H2O content exceeds 1.0 per cent., and the S content be
4 to 5 per cent. The apparatus for crushing, drying, pulveriz-

ing, feeding, and burning the coal is described in detail, as are
various types of metallurgical furnaces equipped for burning
powdered coal. A low pressure burner gives a short flame, a
high pressure burner a long flame. Powdered coal is more
economical than oil or producer gas. The temperature is as

high as that given bj- producer gas, and is maintained uniformly
throughout the furnace. The high fuel consumption is offset

1 "Bull." A. I. M. E., January, 1915.
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by the generation of steam in the waste-heat plant, where each
pound of coal, burned in the furnace, evaporates approximately
6.25 lb. of steam.

Experiments were made with this process at the plant of the

Canadian Copper Co. at an early date, but were unsuccessful

for some time.

It was finally adopted at Copper Cliff, however, designing
furnaces especially to meet the requirements by eliminating
right-angled bends in the flues and placing the .skimming door
at the side instead of the end. The waste-heat boiler was made
a secondary' consideration. The first smelting showed no diffi-

culty with the fuel, and as improvements were gradually made
the smelting became more efficient. In the first 3 months of

1914 the fuel ratio was 5, 5.65 and 6.77, respectively. The
method offeeding hasbeen changed. At first it was done through
hoppersnear the fire end, but is now done almost entirely through
pipes in the side walls. Coal dust is introduced through five

pipes 5 in. in diameter. It is first dried and then ground so that
about 95 per cent, passes a 100-mesh and 80 per cent, passes a
200-mesh screen. The great advantage found in this method of

firing is the absence of breaks in the temperature curve due to

grating or cleaning the hearth, and as a consequence a greatly

increased tonnage and fuel ratio.

At Anaconda coal-dust firing was tried in June, 1914, in a
furnace 124 ft. by 21 ft. The method of charging was similar

to that used at Copper Cliff. From the experience gained in this

work, Mr. Bender lays down the following requisites for suc-

cessful use of coal dust: (1) The coal should be dried before

pulverizing, containing not more than 1 per cent, moisture; (2)

fine pulverization affords increased area and higher thermal
efficiency, 95 per cent, should pass a 100-mesh screen and 85 per

cent, a 200-mesh; (3) the quantities of coal and air delivered to

the furnace should be carefully controlled in order to secure

complete combustion; (4) thejcoal should contain enough vola-

tile combustible matter to give the required combustion ; a stand-

ard for cement work is 30 per cent.
; (5) the furnace should be

properly designed and equipped, and (6) provision must be
made for taking care of the ash. Based on past e.xperience, some
changes will be made in the new equipment for coal-dust rever-

beratory firing at Anaconda. The furnaces will be 144 ft. by
,

25 ft., with a flue area of 48 sq. ft. Matte will be tapped at the

front. The skimming plate will be 12 in. higher than in other

furnaces, the top of the plate being 24 .in. above the tap hole, i

Recent records for a week at Anaconda indicate the efficiency of

coal-dust firing; the average tonnage per day was 542.7, with
'

a fuel ratio of 7.5.

Copper Losses in Slag.

—

An interesting series of articles by
Frank E. Lathe was published on this .subject in the Engineer-

ing and Mining Journal of Aug. 7, 14 and 21, 1915, to which
reference should be made for complete data. In general, how-
ever, the conclusions that he appears to consider well founded

were that the loss of copper ia the elag increases directly with
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increasing matte tenor; that the loss in the slag decreases
directly as increasing silica tenor, unless the matte be over 50
per cent. Cu; that probably 50 per cent, of the copper lost was
as oxide and was due to overoxidation ; that slags containing a
large amount of metal with a high affinity for sulphur were
likely to carry considerable copper (this would account for the
effect Mn is sometimes supposed to have on a slag).
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Reverberatory Practice

Some of the essentials of good ore-smelting reverberatory
practice are thus summed up by R. E. H. Pomeroy.'

1. Careful preparation of the charge by adequate mixing of
all ingredients before charging.

2. Addition of enough lime rock, preferably coarse, to produce
an active boiling in the furnace.

3. Maintaining a deep bath of molten matte to equalize and
distribute the heat over the whole of the hearth.

4. Frequent skimming so as to carry only a thin laj'er of slag
over the matte bath.

5. Operating the furnace for the best smelting conditions,
ignoring the waste-heat boilers as factors in the power supply.

Factors affecting the life of the furnace:
1. The furnace roof set high over the hottest portion of the

hearth.
2. Frequent fettling to protect the side walls.

3. Frequent charging and active charge mixtures to avoid
floater and blanket formation requiring excessive firing.

The largest copper-ore-smelting reverberatory, so far as
known, is the new one at Anaconda, with a 25 X 144-ft. hearth.
A furnace 178 ft. long has been built for settling reverberatory
slags. The largest copper-refining reverberatory is, so far as I

know, 17 ft. X 33 ft. 8 in., and has cast a charge of 550,000. lb.

These figures are due to the courtesy of A. Clayton Clark.

Electric Smelting of Copper Ores

Claude Vattier's Livet Experiments, 1903*
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According to D. A. Lyox and Robert M.Keexet, no copper
ores are treated in the electric furnace in this country at the
present time. It is reported, however, that in Norway trial

smeltings of copper ores with an electric furnace of 1000 hp.

and an estimated producing capacity of 2000 tons of copper per
annum have been conducted at the lien Smelting Works,
Trondhjem, and we understand that it is the intention to smelt
copper ores regularly at this plant in the electric furnace.

Converter Output at Great Falls

In the article on the Old Dominion smelting works, at Globe,
Ariz., in the Journal of June 6, 1914, attention is directed to the
large daih' output obtained in the Great Falls type converter
used at this plant. The statement is made that this daily copper
output, i.e., 60 tons is about double that reported last year by
Messrs. Wheeler and Krejci for shells of the same size at
Great Falls, Montana.

Copper Output of Cona'erters at Great Falls

Period

-I-

Tons
copper

produced
per con-

verter day

Per cent.
cu. in.

matte

Min. per
ton of

copper

Tons of iron
and sulphur
oxidized per
converter

day

Tons of

ore used
per con-

verter day

Feb., 1914.
Mar., 1914.

95.20
89.27

36.4
33.8

15.13
16.13

176
186

65.3
71.4

While this is probably a record figure for upright shells, 12 ft.

in diameter, it does not approximate the output obtained from
the Class V or 20-ft. converters now in use at Great Falls. In
the 20-ft. converters the average output of copper was over 95
tons per day in February, and nearly 90 tons in March when
converting a 34 per cent, matte. In addition, from 25 to 30 tons
of cold matte and cleanings are treated per converter day, and
operations during the months cited were handicapped on ac-
count of reconstruction work; it is expected that the output will

be increased when normal running conditions are restored. In
the article "Great Falls Converter Practice,"^ Messrs.
Wheeler and Krejci reported that the 20-ft. converter pro-
duced at the rate of 4.31 and 4.77 tons of copper per converter
hour when in operation, or at the rate of 103.4 and 114.5 tons of
copper per day, respectively; this was when converting a 38 to 39
per cent, matte.

» Bull. A. I. M. E., Feb., 1914.
36
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Americax Converters—Old Style Acid Lined'

Company,
type

mum ^i°5« shell >*""^-

eharge. P^.^-*! and L^^\"^
lb ''°"" lining

tuyeres

Parrot and
M.O.P.Co.'s..

Anaconda
Great Falls...

.

Stalmann
Copper Queen.

9,000
17,000

10,000 22,000
3,000 9,000

7.255.67X8' 5.5 4,000' 10,000

16,000
22,000
26,000
17,000

16
16
18
10

CANADIAN Converter Practice*

+
Company Type Stands Shells Dimensions

Canadian Copper Co. Basic. Peirce-Smith

I

special
Mond Nickel Co. . . . Basic. Peirce-Smith

standard
Granby Cons. M. &
S. Co.:
Grand Forks
Anyox

B. C. Copper Co.

Basic. Power & Min-
ing Mchy Co. acid
shells

Basic. Great Falls
type

Acid. Allis-Chalmers

5

2

10

3
5

10'0"X37'2"

10'0"X25' 10'

84" X 126"

12'0"X5'9"
84" X 126"

Converting at the British Columbia Copper Co.'s Smeltery'

There are two hydraulic converter stands; seven 84 X 126-
in. converter shells; a 40-ton Niles electric traveling crane; a
6-ft. Carlin silica mill, motor driven; a pneumatic tamping
device; copper casting trucks, etc. A converter lining lasts

two to three charges. The matte runs from 30 to 45 per cent.

The converter department produced per day about 30,000 lb.

of blister copper, carrj-ing about 7 oz. of gold and 30 of silver

per ton. It required a crew of 21 men which, divided as follows
into two 8-hour shifts, was able to handle all the matte produced

:

Kind of labor
j 7 ..,^^l^tlVM.

Afternoon shift,

3 P.M. to 11 P.M.

Foremen .

.

Converters
Crane
Laborers .

.

Lining

Total

.

' From Peter's, " Modern Copper .Smelting."
Bull. 209, Canadian Dept. of Mines.
From a paper by F. K. Bbunton, Trans. A. 1. M. E., 1915.
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Converter Blast.—According to Sticht, about 100,000 cu. ft.

of air is required per long ton of copper produced from 50 per
cent, matte and 165,000 cu. ft. of air for a long ton of copper
from 40 per cent, matte. At one American works 183,000 cu.

ft. of air is required per 2000 lb. of Cu produced.
Converter Costs.—.\s a rough basis for estimates on new

work, S4.50 per ton of matte could be taken as a minimum,
and 89.50 should be an outside figure for acid converting.
Basic should be a Uttle cheaper.

Lining.—About 2 tons of copper will be produced per ton of

lining in the acid converter.
Gases.—The following analysis of gas passing through a

converter flue is given bv DrxN (Tran^. A. I. Si. E., 1913):
SO2. 2.845 per cent.; S63, 0.0515; CO., 0.2084; HjO, 1.061;
.\s2O3, 0.00073; O, 12.04; X, 83.64 per cent.

Sulphuric-Acid Manufacture

As the regions surrounding smelteries grow more densely
populated, the difficulties caused by the discharge of sulphuric
acid and sulphur dioxide into the atmosphere and the proba-
bility of being forced into sulphuric-acid manufacture increase.

The contact-acid process does not seem successful for smelting
plants, probably because of the arsenic in the fumes poisoning
the catalyst. In the chamber process one has the ordinary
chambers, the Meyer tangential system, the Falding high-
chamber, and the still e.vperimental lead spirals to choose from.
The Falding system as adopted at the Tennessee Copper Co.
was described by its inventor in the Eng. and Min. Journ.
of Sept. 4, 1909, p. 443. In that article he makes the following
comparison between the sj-stems:

Chamber
space, cu. ft.

Ground
area, sq. ft.

Weight of
lining, tons

Old System....
1

174,960
Mej'er tangential 174,480
Falding 175,000

12,936
11,938
4,096

112
110
66.5

Acid manufacture at the Ducktown Sulphur, Copper &
Iron Co.'s plant was described in the Journal of May 28, 1910,
by W. H. Freelaxd and C. W. Rexwick. That plant was
designed for a capacity of 160 tons of 60° B. acid per day.
Under normal conditions the gases delivered to the chambers
analyze: SO2, S}4 per cent.; CO2, 3^ per cent.; and SO3 trace.
Temperature control of the gases is attained by small kite-
shaped flues through varying lengths of which the gases can
be run, until they are sufficiently cool. There are two Glover's
towers, each 12 ft. square and 45 ft. high. Following these are
four hard-lead fans (10 per cent, antimony) then two sets of
eight chambers each. Each chamber is 96 ft. long, 22 ft. 8 in.

wide and 30 ft. high. Special arrangementg are said to be in^
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troduced here to take care of the carbon dioxide in the gases.'
Six Gay-Lussac towers are used for recovery of the nitrous acid.

In a discussion of pyritic smelting and acid manufacture
by Falding and Channing (Eng. and Min. Journ., Sept. 17,

1910) the necessity of a uniform composition of gas is insisted

upon by these authors, and the general point made that an acid
plant drawing its gases from several furnaces will more prob-
ably be successful than if it draws its gas from one.»

The Anaconda Copper Co. in 1915 constructed a 100-ton
acid plant, but this was as an adjunct to a leaching plant, and
not to use blast-furnace gases. It was described by E. P.
M.\THEwsox in the Eng. and Min. Journ. of April 24, 1915.
Two 7-hearth Wedge roa.sters 22 ft. 6 in. inside shell diameter

are used and the gases are led into a dust absorber 32 ft. in diam-
eter by 44 ft. high over all. There are six niter pans. Gases
from these mix with the sulphur gases in an octagonal Glover's
tower 16 ft. across X 51 ft. high. There are 23 cooling cham-
bers, 11 ft. diameter X 36 ft. high and six 40 X 96 X 36 ft.

high. These are arranged five round, rectangular, three round,
rectangular, three round, two rectangular, three round, rec-

tangular, three round, rectangular, six rectangular. A hard-
lead fan, 8 ft. in diameter and 4-ft. face follows the first five

round chambers.
There are 21 Gay-Lussac towers, circular in section, 7 ft.

in diameter by 38 ft. high. They are constructed, except for

the lead pans, of Duro-tile blocks laid in acid-proof cement
with a packing of 72-hr. coke. The chamber space is 18 cu.

ft. per pound of sulphur per day.

Miscellaneous Data for Lead Metallurgy'

Zinc Required for Desilverizing Lead

Silver in lead, ' Zinc required, Silver in lead,
per cent. i per cent. 'per cent.

Zinc required,
per cent.

0.025 1.25(a) i 0.3
0.05

;

1.33(a) I 0.38
0.1 1.5 (a) . 0.51
0,15 1.66(a) ! 0.84

2.00(a)
1.84(6)
1.96(6)
2.45(6)

' The matter of the ill effect of carbon dioxide in chamber work is by no
means settled. Lunge says one Bohemian works with which he was ac-
quainted made acid without trouble or special precautions from material
carrying 10 per cent, of bituminous matter.

»In plants making sulphuric acid from pyrites, the inlet gases are consid-
ered to be best at 8.S per cent. SOi, 9.6 per cent. Of, when burning brimstone,
the eases should contain 10.65 per cent. SO2, 10. .3.5 per cent. Oi.

' Schv.^bel'9 "Handbook of Metallurgy." The Macmillan Co.
(i) .According to Illin'o. (6) According to June.
Note.—At 350°C. lead dissolves 0.6 per cent, of Zn; at 650° it will dis-

solve 3.0 per cent, of Zn.
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Typical Products of Lead Smelting

Speiss,

Leadville

Speiss,
I Matte. Matte, Raw matte,

Pueblo ! Clausthal

Roasted
matte,

Clausthal

Ag...
Au...

Cu...

Pb...
Mo..
Fe...

Zn...
Ni. .

.

Co..
S....

As...

Sb ..

SiOi.
CaO.
Sn...

Bi...

Mn..
O...
SO3..

0.0085
tr.

' 0.3628
' 1.4935
I

0.2110
60.578

I tr.

,
0.0876

I

5.1891
31.4725

tr.

18.37
66.84

0.22
0.04

0.13

tr.

3.60

10.60
tr.

0.0299 0.0327

20.40
8.50

10.35
12.45

41.20
1.50

42.50
3.10

26.30
tr.

tr.

0.20

0.16

1.40

26.40
0.12
0.05
0.30
0.15
0.21

4.620
10.665

53.112
2.110

0.312

3.30 0.385

4.123
10.492

52.411
2.459

0.350

26.877
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SoFTEXi.vQ Lead'

Clausthal I.autenthal Frr-ibrrt; Denver

-|
f

Before! Liquat-' P^,°^
dross- ed dross

,^ef-!Before
droesing

After
dross-
ing

Before
drossing

After
dross-
ing (5%)

Dross
after

liquat-
ing

Pb
Cu
Cd
Bi

Ag
As
Sb
Sn
Fe
Zn
Ni
Co
S
o

Slag.

98 . 92944 99 . 0239 98 . 96475 99 . 1 883
0.1862

Tr.
0.0048

0.1412
0.0064
0.7203
None
0.0064
0.0028
0.0023
0.00016

0.1096, 0.2838
None Tr.
0.0050 0.0082

0.1420'
0.0053,
0.7066
None

I

0.0042
0.00171
0.0017
Tr.

0.1430
0.0074

. 5743
None
0.0089
0.0024
0.0068
0.00035

0.0907
None

0.0083

0.1440
0.0032

. 5554
None

0.0048
0.0015
0.0038 1

Tr. 1

96.667
0.940

62.40
17.97

53.0
18.2

50.0
26.8

0.066

0.544
0.449
0.820
0.210
0.027
0.022

0.0055

0.200

ash. hear th mate rial.

None

0.17
2.32
0.98
0.04
0.43
0.07

1.09

4.00
1.87
8.66

2.0

1.8

Au =
0.30 oz.

75 . Ooz.
7.31
0.18

3.6

'4;8"

Pattinson's Process—Crystallization

(Ounces of Silver per Ton)

In the molten lead 1

before crystallization
|
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Second addition to bring Third addition to bring
silver contents to 40 oz. 1 silver contents to 1 oz
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Effect of Impurities on Refined Lead'

Antimony and arsenic—render lead hard and less malleable.
Said to render lead more easily attacked by hot sulphuric acid
when antimony is over 0.2 per cent. This seems unreasonable.
For corroding, lead may not have over 0.005 per cent. Sb.
Tin, arsenic and antimony are oxidized in that order, and the
products from softening lead may be separately worked up for
these elements.
Bismuth—0.118 to 0.352 makes lead hard, somewhat

crystalline and more fusible. Over 0.02 unfits lead for
corroding.
Cadmium—tends to protect lead against sulphuric acid.

Iron.—Lead containing 0.07 per cent. Fe does not seem to lose
in either softness or malleability. Corroding lead ought not to
carry over 0.003 per cent. Fe.

Nickel and Cobalt.—These can readily be eliminated by slow
fusion.

Tin—makes lead light gray, hard and increases fusibility.

Is readily removed by heating in air.

Zinc.—Corroding lead ought not to carry over 0.003 per cent.
Zn.

Typical Le.\.d Smelting Furnaces

Dimen-
sions at
tuyeres,
inches

Blast
pres-
sure

Smelt-
ing
col-
umn,
feet

Capac-
ity

per
24 hr.

Remarks

U. S. Smelting Co.. Midvale'... 45X16C
Tintic Sm. Co., Tintic, Utah'.... 48X160 32-34
A. S. & R. Co., Pueblo. Colo.i.. 48X1481 34
A. S. & R. Co., Denver, Colo. 1. 42X144| 32
A. S. & R. Co., Murray. Utah'.. 48X164 34
Port Pirie, Australia'. » 62X2121 30
A. S. & R. Co.. Perth Amboy,
N. J.i 44X128| 35

Laurium, Greece' 48X160 35-40
Herculaneum, Mo.' i42X 192
Pefloles, -Mapimi., Mex.* 46X 162 42
A. S. & R. Co., Perth Amboy. I I

N. .1.2 142X220
A. S.&R. Co.. Monterey. Mex.^ 44X236'
A S.&R. Oo.. Chihuahua, Mex.» 46X202

16-18 200

18
20
21

16
20

1,50

120-150
166
150

Mech. feed
Coke. 12%
Mech. feed

Coke. 12%

140 Coke. 12%
250-275 Coke. 14%

22 150 Coke, 13.1%

I HoFMAN, "Metallurgy of Lead."
' P'rom Gowland's "Metallurgy of the Non-ferrous Metals," p. 155.
' Private notes.
• It would appear that the Port Pirie furnace is the largest operating.
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ZINC SMELTING!

Effect of Impurities in Smelting:
Alumina—may be objectionable, as zinc spinel maj' be

formed.

Arsenic and Antimony.—These are partly reduced and vola-

tilized, and appear in traces in the spelter.

Cadmium.—Cadmium is more easily reducible and more
volatile than zinc, and collects in the first dust and metal, which
can then be used as a source of this metal.

Calcium.—Lime alone is beneficial, as it tends to decompose
zinc sulphide. See Silica, above.

Fluorspar.—This is an undesirable constituent because it

forms fusible slags which attack the retorts.

Gold and Silver.—These remain chiefly with the retort residues

and can be recovered from them by resmelting.

Iron and Manganese—should not be present as sulphide, as

it corrodes the retort. Also forms fusible slags with silica,

which corrode the retort. Ten per cent. Mn + Fe represents

about the upper limit of safety.

Lead.—The chief objection to lead is that its compounds are

reduced and some lead distils over with the zinc.

Magnesia—acts much like lime, but magnesian slags are less

fusible than calcareous.

Silica—is inert alone, of no particular con.sequence when lime
is present, but is harmful if both lime and iron are constituents
of the charge since ferrous-Ume silicates are extremely fusible.

Sulphur—decreases the yield of zinc, since the sulphide is not
decomposed by carbon. Ferrous sulphide corrodes the retort.

In general, either highly acid or highly basic charges must be
used, there must be a little space above the charge, and the
charge should not be too finely pulverized.

The formation of zinc spinel occurs to a larger extent in hand-
made than in machine-made retorts; it is diminished greatly
by addition of coke to the mass used for making the retorts.

During smelting the slag takes up considerable quantities of

silica and alumina from the retorts, and a viscous layer^ inter-

mediate in composition between the slag and the retort, is

formed, which tends to prevent rapid destruction of the latter.

It is only at the higher temperatures prevailing toward the end of

the distillation that there is any pronounced destructive action
of the slag on the retorts. The absorption of zinc oxide by the
clay used for making the retorts, and its fixation as aluminate,
increases with the pressure, temperature, and time.*

'• W. R. IsQALLs, "Metallurgy of Zinc and Cadmium."
2 -VeioH, und En . 1914, pp. 3.3.3, 337, 412, 553.
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Miscellaneous Data for Zinc Smelting

Rlue Powder Production (Zinc Smelting)

Blue powder



GENERAL METALLURGY 571

Roasting Losses

Tests on the roasting losses on zinc ores are given by Ingalls^
as follows:

Sample

I II
I

III
I

IV
per cent. 'per cent, per cent, per cent

V
per cent.

Zinc
Sulphur
Lead
Iron
Lime
Magnesia
Baryta
Quartz

Total

Loss per cent. Zn . .

per cent. Ag..

31.00
22.26
7.50
4.25
1.60
0.65

24.20
2.75

41.80
27.40
4.00
3.00
1.40
0.80
10.55
10.20

43.93
24.95
7.35
5.20
0.10
0.15

47.50
33.26
2.15
13.60

15.46

1.20

1.14'

42.60
29.07
8.75
7.50
0.12
1.10

10.00

94.21

10.50
11.77

99.15

10.05
10.68

97.14

11.25
12.15

98.81

12.70
11.22

99.14

12.00
12.00

For complete desulphurization a temperature of 900°C.
(orange color) should be obtained.

' Inqalls, "Metallurgy of Zinc."

Gases from Zinc Retorts (Letmathe)i
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Zinc Distillation Temperatures

According to Ingalls

In the retort: beginning, 7S1; end, 1188.

In the furnace: 1067; end, 1309.

Interior of furnace near middle wall where the gas is intro-

duced, about 1315°C.

Capacity and Weight of Cylindrical Retorts'



GENERAL METALLURGY .73

Retort Duty.—According to Ingalls, a production of about
43^ tons of spelter per retort per year is a safe estimate.

Glazing.—Sometimes the retorts are glazed when dry in

order to make them impervious to the passage of gas. Lead
glazes may not be used; more often porcelain and salt glazes
are used. The porcelain glaze consists of 84 parts ground feld-

spar, 35 parts calcium carbonate, 26 to 91 parts china clay and 54
to 204 parts quartz sand. It is not necessary that the glaze be
quite white. The glaze is made into a mixture with gum
arable, dextrine or some other paste and painted on the inside

of the retort to a thickness of about }^ in.

Cadmium-bearing Flue Dusts^

Silesia works

Solu-
ble

Insoluble

Total

Godulla works

Solu-
ble

Insoluble

Total

ZnO
PbO...
CdO
TIO
FeO
MnO. . .

.

FejOa. .

.

AI2O3....
CaO
MgO....
A8203. .

.

P2O.....
SOa
H2O....
Residue.

17.144 7.192
6.285
1.1470.874

0.006
1.896
1.332 0.042 (MnaOi)

2.900

0.714
0.168

20.430
11.400'

9.043
3.115
0.478
0.440
0.401
0.263
6.612

24 . 336
6.285
2.021
0.006
1.896
1.376

;
15. 058

10.991

7.765

1.192
0.608
0.401
0.263'..

27. 042 13
.!ll.400i 4

I 7.765 . .

J J

120
006l..
676 ..

481! 1

940
191
464
337

9.532
8.980
1.518

320
850

591 (MnaOO
15.928
4.601
1.071
0.858
1.280
0.394
9.061

6.804

20 . 523
8.980
2.638
0.006
1.676
2.072
18.868
5.792
1.535
2.195
1.280
0.394
22.381
4.850
6.804

Smelting Zinc Ores by Electricity

The following estimate of electric zinc smelting is given by
Dorset A. Lyon and Robert M. Keeney, in a paper before the
San Francisco meeting of the A. I. M. E., September, 1915:

Although more progress has been made hitherto in the elec-

tric smelting of zinc ores than in that of any of the non-ferrous
metals except aluminum, and metals forming ferro-alloys, such
as silicon, chromium and tungsten, the process is nevertheless
still largely in the experimental stage. There is no plant oper-
ating on a commercial scale except the Trollhattan works, tak-
ing from 10,000 to 13,000 hp. There are about twenty-four
furnaces installed at this plant, each requiring from 400 to
1200 hp. The same company, the Norse Power & Smelting
Syndicate, also has a smaller plant near Trolhattan at Sarps-
berg, where there are seven small furnaces. One other small
commercial plant is in course of erection at Keokuk, Iowa, by
the Johnson Electric Smelting Co. It appears that the experi-
ments conducted at Hartford, Conn., for several years have

* ScHNABEL'e "Handbook of Metallurgy." The Macmillan Co.
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proved successful enough to warrant the installation of a small

commercial unit to test the process further. The Johnson
process and the TroUhattan process are essentiallj' the same.

Johnson claims to have overcome the problem of condensation

of zinc vapor into zinc instead of blue powder.
From the work at Trollhiittan and the results of others, it is

evident that the difficulty in electric smelting of zinc ores lies

almost entirely in the condensation of zinc vapor to a metal,

rather than blue powder, under the peculiar conditions of tlie

electric furnace. The electric furnace presents no great diffi-

culties, mechanically or electrically, because all the troubles

formerly experienced have been solved in the construction of

large pig-iron, steel, carbide and ferro-alloy furnaces. The
problem, then, is one of a metallurgical nature, and is caused by
the different conditions and greater speed of smelting in the

electric furnace, as compared with the combustion retort.

While this problem is difficult, there is no reason why it should

not be worked out in time. When it has thus been rendered

unnecessary to resmelt a large proportion of blue powder (as at

TroUhattan, where 2 tons of l)iue powder are smelted for each

ton of ore treated), it is probable that electric zinc smelting will

proceed rapidly in favorable localities. The use of iron as a

desulphurizing agent does not seem to have advanced as far as

the reduction of oxide with carl^on, and it is probable that the

latter will keep its present supremacy.

TIN SMELTING

In British practice with ore assaying 65 to 71 per cent., the

charges are: Ore, 80 cwt. ; culm, 10.4 cwt.; refinery dross, 2.4

cwt. P'or ore above 71 per cent, increase the culm. This

Flow sheet, tin smelting.'

' From Louis, "Metallurgy of Tin," p. 96.
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will give from 4500 to 4800 of tin assaying about 99.5 per cent,

of tin, and 2200 to 2500 lb. of rich slag, carrying 35 per cent, of

tin. This slag is then smelted as follows: Rich slag, 30 cwt.;

rough-metal dross, 12 cwt.; scrap iron, 2.75 cwt.; anthracite,

6 cwt.; coral, 2.4 cwt. It may be noted in operations where tin

is on the furnace charge, that it will be carried into either too
silicious or too basic a slag, as it forms silicates and stannates
and stannites.

Tin Smelting by Electricity

The electric furnace should be appropriate for the smelting
of tin ores, since the reduction of tin oxide by carbon requires a
very high temperature especially if impurities are to be elim-
inated. The reduction by carbon produces partlj' carbon
dioxide and partly carbon monoxide, and theoretically would
require 665 kw.-hr. per ton of ore. The theoretical amount of

energy per ton of ore smelted may be estimated as follows:

Reduction 665 kw.-hr.
Slag...... 130
Heating tin 65
Radiation 130
Gases 150

Total 1140 kw.-hr.

Experiments on tin smelting, conducted by H. Harden in

Cornwall, were described in the Mining Journal of London, in

1914. The current was a three-phase, alternating, of 50 cycles,

650 to 675 volts. A shaft furnace was used containing 3

electrodes and the formation of a direct arc was avoided. The
charge formed a cone around the reaction zone, in which the
electrodes burned freely, surrounded by incandescent gases
which served as resistance. The three factors, yield of tin, con-
sumption of energy, and losses in slag, are closely interrelated.

It is easy to obtain a slag containing only 0.25 per cent, of tin,

but the process is not economical, as the consumption is 3000
kw.-hr. per ton of metal. When the slag contains 17 to 19 per
cent, of tin the consumption of energy is reduced to 1300 kw.-hr.
per ton of metal, but this is not economical. On a recover}- of

about 96.75 per cent, of the tin in the ores, the consumption was
2200 kw.-hr. per ton of metal. The consumption of electrodes

was 12.7 kw. per ton of metal. Arsenides and sulphides of iron

were introduced at regular inter\"als to avoid the formation of

hard slag, obtaining a metal containing 98 per cent, of tin from
very impure ores. This metal was afterward refined in shaft

furnaces containing iron tubes for the injection of air.

Harden's conclusions are that the electric process can be
advantageously employed in places where the ores are good but
not very rich, and where waterfalls can be utilized for supplying
the power needed.
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NICKEL-COBALT-COPPER SMELTING
In smelting nickel, copper and cobalt together under such

conditions as to form a matte and a speiss, it is the general
tendency of the copper to enter the matte in preference to the
nickel, and for the nickel to enter it in preference to the cobalt.
Some subjoined analyses from Schnabel illustrate this very
well. The furnace charge (at Altenau) was a leady copper slag,

smelted with iron and arsenical pyrites.
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MERCURY SMELTING
The treatment of quicksilver ores as practised at the Oceanic

Mine, Cambria, Cahf., probably represents the best practice

in the United States. This was described by C. A. Heberlein
(February meeting, 1915, A. I. M. E.), the following being an
abstract of his paper. Wet ores are first concentrated and
then treated in the Scott furnace, but the dry ores are charged
direct. The ore is crushed at the mine to about 1)^ in. diameter
and brought to the plant by bucket tramway. The wet ore

goes to a 33'2 ft- Huntington mill provided with a 16-mesh
screen. The undersize goes direct to a Deister table.

The gangue is more friable than the mineral and little sliming
takes place. The feed contains about 0.3 per cent. Hg, and
the concentrates about 5 per cent. Hg. The extraction is

about 80 per cent, and concentration about 20:1. Costs are

about 50 cts. per ton. Flotation has been tried on quicksilver

ores but the process does not appear to be a commercial one as
fine grinding costs about as much as the ordinary furnace
process ; and the oil sticking to the concentrates would distil

over with the mercury, making the "soot" more difficult to
treat.

The furnace is a 50-ton Scott furnace. The sealing appar-
atus is said to be highly effective. (A cut of this is given in

the Transactions of the A. L M. E., to which reference is made.)
Fuel consumption is said to be 15 cords of wood per month,
treating 750 tons of ore and producing about 100 flasks of

quicksilver.

At the plant the condensers after the first one are no longer
built of brick, but of redwood, connected by a cast-iron down-
take with the furnace. The gases entering the condenser are
hardly over 250°C. and as drawn off from it are about 170°C.
These wooden condensers are sciuare wooden boxes of tongue
and groove construction. The gases are admitted at the top
and drawn off at the bottom. All baffling, etc., is unnecessary.
The tops of the wooden condensers are water cooled. About
1000 gal. of water run out daily from the second (first red-wood)
condenser, representing the condensed moisture from the ore.

This is highly acid and carries quicksilver in solution.

A 50-ton Scott furnace with all accessories cost about S25,000
on a pre-war price basis. Direct smelting costs about 47 cts. per
ton.

No analyses of soot is given, but some taken from European
practice are appended.

37
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MERCURY SMELTING
AXALVSR-S OF MkHCUUY SoOT FROM DISTILLATION FURANCES'

Mercury
I

56.30
Mercuric sulphide
Mercuric sulphate
Mercurous chloride

Sulphuric acid
Masnesia
Lime
Ferric oxide and alumina..

.

Calcium sulphate
Basic ferric sulphate
Soot and tar

Water
Ore residues
Magnesium sulphate
Sodium sulphate
Ammonium sulphate
Ferrous sulphate

0.70
18.99
2.20
1.10

0.7G
tr.

l.O-l

8.24
33.9
4.60
11.41

0.42
2.20
13.07
1.80
4.80
1.10
1.20
0.80
6.30
0.40
29.40
26.50
3.80

3.12
31.10
10.80

24.80
10.30
2.20
7.50
1.24
0.54
6.02

The mercury is e.xtractecf from these residues by pressing,

followed bj' retorting.

* SCHN.VBEL, "Handbook of Metallurgy," Vol. II. The Macinillan Co.
I
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In the converter, Keller figures that the percentage
eliminations of impurities are as follows:

S Fe Zn Go Ni Pb Bi Sb As Tc Se
Per cent. 99 99 99 99 37 96 97 71 81 40 47

These may serve as the slaggability ratios in the old acid-lined
converters.
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CrjEltlllxlcg Tinkl

Motli«r Liquor
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'

215 0:0 t
t I

1 >

Impure
Elcclroljto

CoTiccntrttmp Tenlta No.2

Prccipiltllng Tanks

surer Rellnerj

Flow eheet of Great Falls Electrolytic Plant'

Electrolytic Refining Current Losses^

320 tanks—22 anodes, 22 cathodes per tank—90 per cent,
amp. eff.—2-day cathodes.

Volts per
tank

Volts per
320 tanks

Percentage
distribu-

tion

Voltage drop—bus bar to anode . . 044
Voltage drop through electrolyte| 0.495
Voltage drop—cathode to bus bar, . 055

14.08
158.72
17.60

7.40
83.36
9.24

1 W. T. BcRN-8, Trans. A. I. M. E., .\ugust, 191.3.
' R. S. McCaffery, in the "Wisconsin Engineer."
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Converter and Furnace-refined Copper Anodes*

Comparison of Converter and Refined Anodes Cast in
THE Same Moulds

Converter
anodes

Refined
anodea

Number of days covered by test
Number of refining tanks employed
Average analyses of anodes:

Per cent. Cu
Per cent. As + Sb
Ounces Ag per ton
Ounces Au per ton

Average analj'ses of electrolyte:
Specific gravity
Grams per liter Cu
Grams per liter free acid
Grams per liter As
Grams per liter Sb
Grams per liter Fe
Grams per liter CI

Average temperature of electrolyte:
Inlet of 8-tank cascade, C.°
Outlet of 8-tank cascade, C.°

Rate of circulation of electrolyte, gal. per min . . .

Number of anodes per tank
Number of cathodes per tank
Average weight per new anode, lb

Average thickness per new anode, in

Distance, center of anode to center of cathode, in.

Active cathode surface per tank, sq. ft

Average amperes per tank
Average volts for 48 tanks
Average volts per tank
Average kilowatts for 48 tanks
Total copper deposited, lb

Average age of cathodes drawn
Average ampere efficiency of deposit, per cent..
Average amperes per sq. ft. cathode surface
Average lb. copper deposited per kilowatt-hour.
Average oz. per ton silver in cathodes
Average per cent. As -|- Sb in cathodes
Average per cent, anode scrap
Analyses of silver slime:

Per cent. Cu
Ounces Ag per ton
Ounces Au per ton

50.0
48.0

98.91
. 072

59.09
0.200

1.20
43.5
160.0
11.97
0.49
10.09
0.045

58.0
54.0
6.0

20.0
20.0

525.0
3.0
2.87

252.0
8,387.0

27.21
0.567

228.2
1,103,749

2\<i

88.3
33.3
4.03
1.25
0.0043
8.00

40.3
6,755.00

18.34

50.0
48.0

99.27
0.071
61.14
0.219

1.20
43.5
160.0
11.97
0.49
10.09
0.045

58.0
54.0
6.0
20.0
20.0

632.0
3.0
2.87

252.0
8,387.0

28.53
0.594

239.3
1,148,749

2).2

91.9
33.3
4.00
0.95

. 0043
5.30

18.80
14,079.0

38.45

The chief disadvantages of converter anodes are: lower
grade slimes; higher losses of silver in the cathodes; and higher
percentage of anode scrap. However, Mr. W. T. Burns states
that the losses due to these factors are not equal to half the
cost of reverberatory refining.

Starting-sheet Tank Electrolyte

Specific gravity 1 . 175
Free H2SO4, grams per liter 120.0
Cu, grams per liter 40 .

As, grams per liter ' 5.0
6b, grams per liter 0.4
Fe, grams per liter 4.5
CI, grams per liter . 04

» Trans. A. I. M. E., August, 1913.
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Elimination of Impurities in Electrolytic Refining

According to Keller's figures about 99.92 per cent, of the
copper in the anode goes into solution, the remainder to the
slime; from 61 to 78 per cent, of the bismuth goes into tlie

slimes, 30 to 60 per cent, of the antimonj' (according to condi-
tions worked under), 23 to 38 per cent, of the arsenic; while
the silver, gold, selenium, tellurium and lead are quantitatively
slimed (" Mineral Industry," 1898, Vol. VII, p. 239). Nickel
is slimed if it is present as oxide in the anode copper; (lis-

solved if present as metal. Cobalt, zinc, manganese and iron
go into solution.

Work in Insoluble-anode Tanks'

Removal of Copper, Arsenic and Antimony from Elec-
trolyte IX iNSOLrBLE-ANODE TaNKS

(Circulation, 4 liters per minute. Lead anodes, copper cathodes, 9000
amp., 31.8 amp. per square foot)

Grams per liter

Acid Cu Fe As Sb

Volts
per
tank

Tem-
pera-
ture,
C."

Inlet tank No. 1.. .

.

Outlet tank No. 1..
Outlet tank No. 2. .

Outlet tank No. 3..
Outlet tank No. 4..

144
184
194
208
216

37.060
7.376
0.504
0.088
0.048

6.242
6.813
7.3G4
7.701
7.915

3.200
2.240
0.400
0.0.5G
0.028

0.463 .

0.260
0.061
0.038|
0.028.

2.22
2.25
2.25

17
42
57
64
65

Corrected Analyses^

Ciraiii.s per liter

Acid Cu Fe Ab 8b

Percentage
elimination
of original
amounts

Cu As Sb

Ampere
effi-

ciency,
per
cent.

Inlet tank No. 1

.

Outlet tank No. 1

Outlet tank No. 2
Outlet tank No. 3
Outlet tank No. 4j 170

Total and average

I

144 37.060 6.242,3.200 0.4630 ,

169 6.760 6.242 2.050 0.2380 81.8 35.9 48.7
165

I

0.427 6.242 0.339 0.0517 17. li.53. 5140.

2

169 0.071 6.242 0.04.-> 0.0308 0.9 9.2' 4.7
0.0.38 6.242 0.022 0.0220! 0.1 0.7 1.7

71.70
19.50
1.68
0.15

199.9 99.395.3 23 . 26

See p. 584 for some notes on lead, duriron and tantiron as

insoluble anodes.
> W. T. Burns, TTana. A. I. M. E., August, 1915.
* Calculated to the same value for iron, which is not affected in the insoluble-

anode tanks.
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Slime from Insoluble-anode Tanks .

(Treating electrolyte direct from tank room)

Moisture, per cent. 10.0 As, per cent 10.3
Cu, per cent 55 .

1

Sb, per cent 2.5
SiOj, per cent 1.1 Ni, per cent 0.35
FeO, per cent 0.4 Zn, per cent 0.32
AlcOa, per cent ... 0.4 Ag, oz. per ton..

.

3.4
CaO, per cent 0.3 Au, oz. per ton..

.

0.02
S, per cent 4.1

Better results are secured from the insoluble-anode tanks at

Great Falls when the electrolyte from the tank room is boiled

until it reaches a specific gravity of 48°B6. It is then crystallized

for 4 days, when the mother liquor then analyzes: acid, 475;
Cu, 17.4; As, 20.2; Sb, 1.1; and Fe, ir).2 grams per liter.

This is then electrolyzed to remove Cu, As and Sb.

Analysis of Insoluble-anode Tank Slime
(Treating mother liquor from crystallizing tanks')

Moisture, per cent 9.66 As, per cent 21 .48

Cu, per cent 46 . 30 Sb, per cent 2 . 28
Si02, per cent 0.38 Ni, per cent 0.35
FeO, per cent 1.66 Zn, per cent 0.32
AUOs, per cent.. . 0.4 Ag, oz. per ton.

.

3.61
CaO, per cent 1 . 08 Au, oz. per ton .

.

. 03
S, per cent 5.02

Materials for Insoluble Anodes

The usual materials for insoluble anodes are platinum, car-
bon, iron and hard lead, according to the nature of the elec-

trolyte. Fused magnetite anodes are also being used, notably
at Chuquicamata, Chile, but they are extremely expensive
and very brittle. However, when the anodes do not have to be
handled often, i.e., are not subject to chance of breakage by
carelessness, and can be guarded from sudden large changes of

temperature, they are unquestionably the finest anodes obtain-
able. In ordinary copper tank-room practice hard-lead anodes
are usually' used in the insoluble-anode tanks. Herewith follow
some notes, not hitherto published, furnished by F. R. Pyne,
assistant superintendent of the United States Metals Refining
Co.'s copper rcfinen,', giving parallel tests on hard lead, dur-
iron, and tantiron electrodes, using them as anodes in va-
rious electrolytes. The current density was about 20 amp.
per square foot. In a 12 per cent, sulphuric-acid solution the
tantiron lost 0.94 per cent, in 24 hours, the duriron lost 7. .30

per cent, in 42 hours and the hard lead, 0.69 per cent, in 30
hours. In regular tank-house electrolyte of approximately 3
per cent, copper, 10 per cent, sulphuric acid, the tantiron lost

1.88 per cent, in 48 hours, the duriron 10 per cent, in 60 hours,
the hard lead, 0.44 per cent, in 36 hours, and on another test in

the same solution the hard lead showed a loss of 1.71 per cent.
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in 48 hours. _ Tests made by the New England Manufacturing
Co. in nitric acid electrolyte were as follows: The current
used was 3 amp. per sq. in., 18 sq. in. of tantiron in 1.39
sp. gr. nitric acid lost 0.480 grams in 5 hours; 3 sq. in. of
duriron lost 0.0036 grams in 6 hours in nitric acid of the
same strength. Duriron anodes have also been used in the
Chuquicamata electrolytic plant of the Chile Exploration Co.
Regarding this, Mr. C. A. Rose says in the Engineering and
Mining Journal of Feb. 19, 1916: "While this material is not
entirely unacted upon when used as an anode in copper-sul-
phate solution, from 15 to 20 times its weight of copper can be
deposited before it is entirely corroded away. Duriron anodes
have an advantage over magnetite in their mechanical strength,
but they have a much higher over-voltage, which is a decided
disadvantage. About 15 per cent, more electrical energy is

required with duriron than with magnetite anodes for the deposi-
tion of the same quantity of copper."
As against a deposit of 8 to 8.5 lb. of copper per kilowatt-hour

using the multiple process and 10.5 to 11.5 per kilowatt-hour
when using the series process, ordinarily only about 1 lb. per
kilowatt-hour is obtained with insoluble anodes. However, by
using ferrous sulphate as a depolarizer at the anode, a certain
amount of aluminum sulphate as a substitute for a diaphragm,

Comparison of Series and Multiple Refining

Multiple Cast-series

Ampere efficiency

Volts per tank
Anodes per tank
Cathodes per tank
Amp. per square foot ....

Daily deposit per tank . .

.

Lb. Cu per kilowatt-hour

68.0
18.0

120.0
120.0
16.0

2040.0
11.79

Resistance
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and reducing the ferric sulphate formed in the depolarizing, by
means of sulphur dioxide, Addicks claims to have obtained as
high as 2.25 lb. per kilowatt-hour. He also claims that when
suitably depolarized, carbon anodes will .-;tand up in a sulphate
electrolyte. ("Electrolysis of Copper Sulphate Liquors, using
Carbon Anodes," joint meeting A. L M. E. and A. E. S., San
Francisco, Calif., Sept. 17, 1915.)

Electrolytic Lead Refining.—In a refinerj'' operating under
commercial conditions the ampere efficiency in lead deposition
was 88.5 per cent, with a deposit of 20 lb. per Ivilowatt-hour.

The current density used was 1G.7 amp. per square foot. Anodes
were spaced 4J-2 in. from center to center. Starting sheets were
cast by allowing molten lead to flow down an inclined cast-iron
plate. Electrolytic lead refining must be made to pay through
its bj-products, particularly liismuth, and it seems questionable
whether it can be adapted to a low-bismuth bullion.

Typical Electrolytic Le.\d Refi.nery Materi.\ls

Pb,
per
cent.

Ag.

per
ton

Au.

p)er

ton

Anodes 97.79 139.9
Slimes , 13 . .52 4949 . 2
Electrolyte . 8.32
Refined lead' 0.29
Slag, slimes!
smelting. 37.50 313.0

Bi,

per
cent.

Cu.
per

cent.

As,
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Some Typical Bauxites'

I

New South
Wales Italian French French German

AI2O3.

.

FejOa..
SiOo. .

.

Ti02...
CaO...
MgO..
KNaO.

42.20
28.91
0.16
4.75
0.28
0.37
0.17

Volatile...! 23.45

47.44-57.00! 78.10
25.98-36.77;
2.33- 4.06'

1.17-2.86

1.02
5.78

43.20
7.25

34.40

55.61
7.17
4.42

15.10 il5.15 I 32.33

Antimony—may be recovered by electrolysis from the sulph-
antimonite. The anodes are lead plates, the cathodes and
tanks are iron. Current density is 10 to 15 amp. per square
foot at start, later 4 to 5 amp. per square foot. The voltage
is about 2. The metal is always contaminated with iron when
produced in this way. Betts also proposes electrolysis of the
fluoride in solution carrying an excess of hydrofluoric acid.

Beryllium—from the fused double fluoride of sodium and
beryllium.

Bismuth—is refined electrolytically in BiCls solution carry-

ing an excess of free hydrochloric acid. Current density,
15-30 amp. per square foot. Anodes, argentiferous and
auriferous bismuth; cathodes, pure bismuth; porcelain tanks.
Cadmium—obtained by the electrolysis of CdCl2 or CdS04

solutions. Current density, 6 to 15 amp. per square foot;

e.m.f. ; 0.045 volts. Cathodes are cadmium sheets, anodes are
of crude cadmium.

Calcium—from fused calcium chloride or iodide. Current
density must exceed 500,000 amp. per square meter. Electro-
lyte near cathode must be at lowest possible temperature.
Cell resistance, 12 volts.

Cerium—from the fused chloride, which is traversed by an
alternating current to keep it fused and decomposed by direct

current.
Chromium—according to Borchers, may be produced by

electroh'sis of a CrCl2 solution containing 13-14 oz. of chromium
per gallon. The anodes are carbon, the cathodes platinum foil.

The current density must be from 85 to 170 amp. per square
foot. At 70 amp. per square foot the metal contains percep-
tible amounts of CrO, and with 8 amp. per square foot, only
CrO is deposited. The temperature must not exceed 122°F.

G. Glaser has compiled the following table regarding the
behavior of chromium during electroh'sis:

' ScHNABEL, "Handbook of Metallurgy." The Macmillan Co.
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Current
density,
amp. per
sq. ft.

Deposit Current
efficiency

8.36
16.7
33.4
41.7

66.8
84.5
127 3
169.0

Chronio-chromic oxide
At first metal, then chromo-chromic oxide
Metal, mixed with chronio-chromic oxide
Thin metallic layer, on which oxide afterward
deposits
Metal, with a email quantity of oxide
Pure metal
Pure metal, with a growth of crystals
Pure metal, for the most part crystallized

5.4
23.4
38.4
38.0
38.6

The effect of solution concentration was also studied

;

Grams
Cr per
liter of

solution

Deposit
Current
efBciency

210
184
158
135
105
79
53
26

Metallic powder, mixed with chloride of chromium
Same
Pure metal
Pure metal
Pure metal
At first metal, then chroiiio-c-hroiiiic oxide
Chromo-chromic oxide and hydrogen
Trace of chromo-chromic oxide, brisk evolution of

hydrogen

Copper—obtained by the electrolysis of copper-sulphate so-

lutions, carrying free sulphuric acid, using copper cathodes and
anodes. Current density about 12 to 15 amp. per square foot,

e.m.f. 0.34 to 0.44 volt. Temperature of solution about
114°F. Ag, Au, Pb, Se, Te go quantitatively to the slime; Bi, As,

and Sb, chiefly to the slime; Fo Ni, Co into solution, except
the nickel be present in the anode as NiO.

Gold'—from gold-chloride solution carrying 25-30 oz. of

gold and 25-30 oz. free HCl (sp. gr. 1.19) per cubic foot. The
anode is the unrefined gold, the cathode is a pure sheet. If

anodes carry lead, some H2SO4 is added. Current density

about 100 amp. per square foot, potential 1 volt, temperature
60-70°C. Tanks—stone or porcelain. (Wohlwill process.)

Pt stays in the electrolyte, Ag slimes as chloride.

Iron—may be obtained by electroh'sis of the sulphate.

Anodes are pig iron, the cathodes are pure metal. Current
density about 110 amp. per square meter, electrolyte contains

10 per cent. FeSO* 7H2O and 5 per cent. (NH4)2S04. Tem-
perature carried at about 30°C. Voltage drop across tank about
0.3 to 0.9 volts. This, however, gives a metal carrying a trace

of sulphur. While a chloride electrolyte is free from this ob-
jection, iron produced with such an electrolyte corrodes readily

because of occluded chlorine. In either case there is .a large

amount of occluded hydrogen. (See also pp. 311 and 592.)
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Lead—can be produced by electrolysis in a solution of lead

fluosilicate carrying free hydrofluosilicic acid and a little

gelatin. Anodes, base bullion; cathodes, pure lead sheets.

Temperature of solution, about 87°F. cathode density, 10-12

amp. per square foot.; potential, about 0.3 volts; tank, wooden.
Lithium—from fused mixtures of LiCl with an alkaline-

earth chloride. From a solution of lithium chloride in pyridine.

20-30 amp. per square centimeter, 14 volts.

Magnesium—from fused magnesium chloride, from fused
K-Mg or Na-Mg chlorides. Current density, 1000 amp. per
square meter; cell voltage, 1 to 8; anode, carbon in porcelain

envelope. Do not raise temperature of bath much above
melting point of the magnesium.

Potassium—from fused mixtures of KCl with an alkaline-

earth chloride. General process same as sodium.
Silver— (jSIoebius and Thum processes) recovered by elec-

trolysis of a nitrate solution carrying about 0.1 per cent, free

HNO3, 5.0 per cent. Ag, and some copper. The cathode is either

silver (Moebius process), or carbon (Thum process). The
anode is the dore. The current density is 30-40 amp. per
square foot; the e.m.f. is 1.4-1.5 volts; the tanks are usually
porcelain. The Cu in the anodes dissolves; Pt and Au stay in

the slime.
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convince me that it is highly sohihlc in a mixture of cuprous
and cupric clilorides.

Sodium—from fused sodium hydroxide

—

Castner process

—

Iron anode, carbon cathode. From fused sodiiun nitrate

—

Darling's process—Iron melting vessel serving as anode.
Magnesia diaphragm, carbon cathode. Cell resistance 15 volts.

From fused sodium chloride. Current density over 5000 amp.
per square meter.

Strontium—from fused strontium chloride. General con-
ditions like those of calcium production.

Tin—the electrolysis of tin commercially is confined to the '

detinning of old tin-plate, chiefly by the caustic-soda process.
Tlie cathodes are iron, the anodes are the tin scrap, packed in

wooden baskets. Electrolyte contains about 9 per cent. NaOlI,
which is recausticized from time to time by Ca(0H)2. The
tank potential is about 1.5 volts, the current density 8-12 amp.
per square foot and the temperature 1G0°F. and up. Alkaline
sulpho-stannatcs have also been proposed as electrolytes.

The best electrolytic tin deposits are probably obtained from
a stannous-ammonium oxalate bath with peptone as an addi-

tion agent. A good compo.sition, according to Frank C.
Mathers and Barriott W. Cockrum {"Trans." Am. Electro-

chem. Soc, Washington, D. C, meeting) is: 5 j)er cent, stan-

nous oxalate, G per cent, ammonium oxalate, 1.5 ])er cent, oxalic

acid and 0.25 per cent, peptone. The stannous oxalate may
be made by precipitating a solution of stannous chloride with
oxalic acid. The solution must be stirred at intervals and is

run at 3.6 amp. per sq. ft. at room temperature.

Uranium—from fused uranium-sodium chloride; cell re-

sistance, S to 10 volts.

Zinc—The Brunner, Mond & Co. works at Winnington is

said to operate as follows: The electrolyte is ZnCU. with 0.08

to 0.12 per cent, free HCl, the cathodes are rotating zinc plates,

and the anodes are carbon. The current density is 10 amp. per
square foot and the e.m.f. of the cell is 3.3. to 3.8 volts. The
apparatus is complicated, as there must be piping for carrying
off the chlorine generated, which is then used for making
bleaching-powder. The solution tends to become basic after

prolonged electrolysis and additional acid must be added.
Since the outbreak of tlie war a great deal has been done

i

to solve the general prolilom of the electrolytic production of i

zinc. The following is understood to be the outcome of the
j

experiments, but accurate data are hard to obtain. At Ana- I

conda, Mont., and Trail, B. C, the ore is leached with the

spent electrolyte which contains free sulphuric acid until almost
I

neutral. The solution is then freed from impurities with zinc, '

oxide and electrolyzed, using lead anodes. The process appears
to be what every experimenter has tried for some years, and
success is, apparently, a matter of close attention to details of

current density, concentration, etc.

In the process as conducted by Keating at Bully Hill, Calif.,
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lime is used to precipitate zinc hydroxide and calcium sulphate
from the solution of the zinc sulphate. This precipitate is

suspended in the zinc sulphate liquor of the electrolytic cell

and as fast as sulphuric acid forms it is neutralized by the zinc

hydrate.
In the Mammoth Copper Co.'s experiments at Palo Alto.,

Calif., a sponge-lead cathode is used, the .sulphuric acid formed
by electrolysis forming lead sulphate, which can be decomposed
later by reversing the current. The material used is said to be
the result of leaching the baghouse dusts with sulphuric acid.

Anaconda Electrolytic Zinc Process.—The following is a highly
conden.sed description of the course of treatment as originally

designed

:

The ore being treated assayed as follows: Zn, 17 per cent.;

S, 14 per cent. ; Pb, 2 per cent. ; Cu, 0.5 per cent. ; Fe, 6 per cent.

;

insol., 40 per cent.; and 3 oz. of Ag per ton. The zinc was
present as the sulphide. The ore, all of which will pass through
a 60 sieve, is roasted in a IMcDougall roaster, 6 hearth and 20 ft.

diameter; 1 per cent. MnOa is added occasionally, and is said

to assist the oxidation of the iron. The roasting temperature
is about 1.3.50°F. Too high a temperature gives rise to the
production of ferrite of zinc, which is insoluble in acid. About
20 tons of ore are roasted per day down to between 1 and 2 per
cent, of S. The zinc in the ore after roasting is in the forms of

sulphate, oxide, ferrite, and sulphide, and 2.5 per cent, of the
zinc is frequently soluble in water. The solution is effected in

red-wood agitating tanks, 12 ft. diameter and 10 ft. deep, each
fitted with a wooden shaft and stirrer supported by a bearing
at the top of the tank. Before discharge the acid solution is

neutralized bj'' crushed lime rock. The time of agitation is 2
hours, with sulphuric acid of 6 per cent, strength at a tempera-
ture of GO°C. Two hours are occupied in emptying the tank,
so that the total time of treatment in the tank is 4 hours.
The neutral pulp from the agitator is run into the first of two
sets of flotation machines (M.S. Type), used as mixers and
aerators, and zinc dust is added at the rate of about 10 lb. per
ton of ore to precipitate copper. The iron, or most of it, has
been precipitated by the lime rock as ferric hydroxide in a
well coagulated form. The pulp issues from the AI.S. machines
with a consistency of about 2 : 1, and is first of all thickened
in a square tank in which are suspended filter leaves about
6 ft. by 8 ft. The clear solution from these leaves is added to
that obtained later from the Oliver filter, and the thickened
material is passed on to an Olhtir filter, 10 ft. diameter and
12 ft. long. The clear solution from the Oliver filter, together
with that from the filter leaves, then passes through the second
set of M.S. machines, where it receives a further dose of zinc

powder to eliminate all the copper. After this second zincing
the solution is not filtered, but is transferred to the electrolytic

solution tank. The copper is reduced in the first set of ma-
chines to 0.01 per cent., so that by the time the second treat-

ment is finished it has been practically eliminated. It is essen-
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tial to remove all the copper and iron. The electrolyte going
to the cells assaj-s about 6 per cent. Zn, 0.1 to 0.3 per cent. Mn,
a very little PbS04, and no acid. The rate of flow through the
cells is 45 gal. per min., and the "tails" solution from the
cells contains 3 per cent. Zn and 6 per cent. acid. This forms
the leaching solution for the next ore charge. Too much sul-

phate in the roasted ore is to be avoided, because it gives rise

to too much production of acid in the cells. The cells are made
of wood, lined with pure lead. The anodes are pure lead plates

2 ft. wide; they dip into the electrolj'te for about 3 ft. The
cathodes are either aluminum plates or zinc starting sheets.

The current density is 30 amp. per sq. ft. at a voltage of 4.

Current efficiency = SO to 90 per cent. ; 1 h.p. day = 10 lb. zinc.

Electrolytic Zinc Refining

During the days of the great spread between the prices of

brass special and prime Western spelter it was possible to make
a profit by buying the latter and rolling anodes from it, which
were then refined just as is electrolytic copper. However, as
the zinc bubble subsided, it is understood that the profits of

these companies did likewise, until they were forced to quit
business.

Loss of Zinc in Brass Melting.—In some experiments carried

on by H. M. Thornton and Harold Hartley (Amer. Inst, of

MctaLs, September, 1916) it was found that in melting an
87.5 : 10 : 2.5 red brass twice, that the loss was 3.56 per cent,

of the zinc contents. Pouring temperature was about 1090°C.

Iron Refining—Cowper Cowles Process

The electrolyte consist.* of ferrous chloride, cre.sol-sulphonic

acid being u.sed as an addition agent. Scrap iron is kept in

the bath to insure its reduction and iron-oxide is suspended in

it both to keep the bath neutralized and to polish the cathode
deposit b}' friction. The unannealed deposit contains 394
volumes of hydrogen per volume of iron, while if the cathode
is heated to a dull glow this is reduced to 1^4 :1. The voltage

is about 1.5 per cell, and the current density high, about 7 am.
per sq. decimeter. (See also pp. 311 and 588.)

Camotite Ore Treatment

According to Metaux el Alliages, the following is the treat-

ment of camotite ores in Colorado. The mechanical concen-
tration of the camotite, which is generally about 3 into 1, is

made in Dorr classifiers. The chemical extraction following

this may then be either by an acid or basic process. As an
example of the first class is the Pleck-Haldane-White process

which is as follows:

The crushed mineral is agitated with 15 to 20 per cent, of

sulphuric acid, after which it is filtered. The insoluble residue

is washed with dilute acid and again filtered, and to the filtrate

enough acid is added to give a concentration of 15 to 20 per

cent. This solution is then used for the first treatment of fresh
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portions of ore. The first filtrate contains the vanadium and
uranium, together with the copper and other impurities. It

is heated in contact with fresh portions of ore in order to neu-
trahze the solution. (A part of the vanadium and uranium is

deposited upon the ore in this process and enriches it. The
mixture is filtered and the enriched material goes back to the
first treatment.) The neutrahzed solution is treated with sul-

phur dioxide. The iron and vanadium are reduced to the
ferris vanadate condition, the sulphur dioxide being trans-
formed to sulphur trioxide, which combines with the water to
form sulphuric acid. Ihere is again added just enough of the
original ore to neutralize this acid, the mixture being again
filtered and the insoluble residue sent to the first treatment.
To the filtrate is added enough powdered limestone to precipi-

tate the vanadium, copper, and uranium, calcium sulphate
being also formed. In order to precipitate these metals it is

necessary to boil after adding the limestone. With this pre-
cipitate of vanadium, copper, uranium, and calcium sulphate
are also thrown down basic sulphates and carbonates of iron.

The mixture is then dried and sent to the works for extracting
vanadium, uranitmi, and radium.

This process has the disadvantages that the final products
still contain a large percentage of impurities, that the operations
are tedious, and that much material is re-treated. However,
it serv'es very well to make a preliminarj^ concentration of the
valuable materials in an inexpensive plant near the mines.

Basic Process.—The principle of this process consists in ob-
taining the vanadium in solution and the uranium in the form
of an insoluble uranate. The crushed material is mixed with
alkaline carbonates and hydrates and calcined. The frit is

then pulverized and heated in an alkaline solution. The
vanadium goes into solution, the uranium, with a very small
amount of the vanadium and the insoluble gangue, remains
undissolved. The filtrate containing the greater part of the
vanadium is neutralized and the vanadium is then precipitated
as a vanadate of iron, copper, or lead, which is then filtered

dry. The vanadate thus obtained is usually treated either by
the GoLDscHMiDT aluminum process, or in the electric furnace.

Optical Pyrometers. (From "The Measurement of High
Temperatures," The Engineer, vol. cxviii. No. 3078.)—In con-
nection with the recent work on radiation pyrometers and their
calibration, C. R. Darling says that it is of interest to recall

the views of Sir Robert Hadfield on the subject:
Measurement of temperature from a distance by means of

radiation or optical pyrometers fails for two chief reasons: First,

the temperature of the surface on which the instrument is

sighted is lower than that of the interior, even in the case where
no oxidation occurs and no slag is present. In practice the
presence of oxide or slag in layers of varying thickness renders
it impossible to establish any fixed relation between the tem-
perature of the surface and the true internal temperature, and
hence concordant results can not be obtained. Second, when
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fumes are rising from the ladle, as is frequently the case with
alloys, the radiations received by the instrument are seriously

diminished, and the reading, even if otherwise reliable, would
he too low on this account. These difficulties have been par-
tially overcome by Whipple's modification of I'^uy's radiation
pyrometer described by the writer in the Engineer for June 13,

1913, in which the pyrometer is permanently mounted at the
open end of a fire-clay tube so as to be focufssed on the closed

end, which is inserted in the molten metal. This method, while
suitable for crucibles and small ladles, can not be applied to
large masses, as the readings would be affected by the intense
heat existing in the vicinity of the pyrometer. The solution
of the problem, therefore, appears to lie in some suitable appli-
cation of the thermo-electric or resistance methods of measuring
high temperatures.
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Recovery of Radium from the Olary Ores

Because of the general interest in the extraction of radium the

following excerpts are given from S. Radcliff's description

of the recovery of radium from the Olary (AustraUa) ores at the

Radium Hill Co.'s plant at Sydney, N, S. W. (Miri. and Eng.
Renew, Oct. 5, 1914).

The ore is dry crushed at the mine to pass a sieve of 20 holes

to the linear inch, and is then concentrated magnetically; the
concentrates, amounting to about 30 per cent, of the ore crushed,

being forwarded to S.vdnej- for treatment.
The concentrates have the composition: CaO, 0.55 per cent.;

PbO, 0.16; FeoOs, 17.4; FeO, 16.9; MnO, tr.; thorium, cerium,
lanthanum and didymium oxides, 3.27; CroOa, 0.85, VaOg,
1.6; VoOs, 0.S6; TiOs, 45.85 per cent.; SiOj, 12.70.

As the concentrates are insoluble in acids, a fusion process is

necessarj' to effect the initial decomposition. The concentrates
are mixed with three times their weight of salt cake (acid sul-

phate of soda) and fused in a reverberatory furnace of sufficient

capacity to take 500 kilos of concentrates and 1500 of salt cake
in a single charge. Three charges can be put through in 24
hours. The fused product, crushed to 8 mesh, is fed, in small
amounts at a time, into wooden vats filled with agitators. Cold
water is fed continuously into the vats at the bottom and an
overflow is provided near the top. By suitably adjusting the
conditions, it is possible to separate out on the bottoms of the
vats a considerable amount of comparatively coarse material
which is almost free from radium and uranium. The turbid
liquid overflowing carries in suspension the radium, lead and
barium as sulphates, together with a considerable amount of

finely divided silica; while in solution we have the uranium
rare earths, and part of the iron and acid earths contained in the
ore.

The coarse residues are removed from the vats daily, re-

washed to free them finam any undissolved fused product and
sent to the dump.
The overflow from the dissolving vats is pumped to large

lead-lined settling tanks and allowed to stand all night. The
"slimes" settle completely in 12 hours, and the clear liquid is

drawn off dailj^ and treated for the recovery of the uranium.
The slimes which amount, when dried, to approximately 10
per cent, of the weight of the concentrates, are collected weekly
and treated for the recovery of the radium as described below.
The further steps in the treatment process may conveniently

be described under two heads:
(a) The recovery of the uranium.
(b) The recovery of the radium.

Recovery of the Uranium
The clear solution containing the uranium and much of the

iron and other bases in the concentrates, together with a large
amount of sodium salts, is fed into series of vats containing a
measured excess of a mixture of carbonate and bicarbonate of
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soda; and heated and agitated by means of steam jets. The
iron, with most of the other bases present, is precipitated, while
the uranium goes into solution together with some of the rare
earths. The bulky iron precipitate is separated partly by
settlement and partly by means of vacuum filters. It is

difficult to handle and cannot be washed effectually; a portion
of the uranium is therefore unavoidably discarded along with
this precipitate. The uranium solution is made just acid with
sulphuric acid, heated and the carbon dioxide expelled by a
brisk current of air. The uranium is then precipitated by the
addition of ammonia. The ammonium uranate is thickened
somewhat in conical settling tanks and then further thickened to

a pulp in a hydro-extractor. This pulp is dried and dehydrated
in large muffles. The dehj'drated product is broken up and
washed repeatedly with hot water. This treatment removes
the bulk of the sodium salts, and a product is obtained which on
drying contains about 75 per cent, of UsOg. An analysis of

this, together with that of the iron precipitate, is given below.
Prior to analysis the iron hydroxide was twice dissolved and
reprecipitated with ammonia to free it from the large amount
of sodium salts present. The washed precipitate was dried,

ignited and analyzed.
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sulphates; this takes 2 days for each lot of 200 kilos. The
washed slime is then fed into a warm dilute solution of hydro-
chloric acid, agitated for a couple of hours, and allowed to settle

all night. The clear solution is siphoned off and the lead,

barium, and radium precipitated as sulphates. After washing
once by decantation, the slime is again treated as above de-
scribed. Two treatments suffice to extract most of the radium,
but the slime is reserved for a further treatment, if necessary.
The plant as at present arranged can treat the slime from 10 tons
of concentrates per week. The weekly yield of crude sulphate
is about 12 kilos.

A number of experiments, both in the laboratory and on the
working scale were made to see if the sulphates in the slime
could be reduced by heating the material with carbonaceous
substances, or else in a current of some reducing gas, but the
results so far have not been encouraging.
The treatment of the crude sulphate is now carried out as

follows, not as in the paper read by the author before the Roj'al
Society of New South Wales in 191.3: The crude sulphate is

dried and fused with three times its weight of caustic soda in an
iron pot. The melt is poured, cooled, and digested with hot
water. Most of the lead goes into solution. The insoluble

residue is washed till free from soluble sulphates, and then
digested in a rotating boiler under a steam pressure of about 60
lb. This converts the bulk of the sulphates of barium, radium
and lead to carbonates. The carbonates are well washed on a
filter and dissolved in hydrochloric acid. The solution is taken
to dryness to remove any colloidal silica, and the residue is

taken up with water and a little HCl. In addition to barium
and radium chlorides, small amounts of iron and lead chlorides,

together with considerable quantities of barium, lanthanum,
didymium, and thorium chlorides are present. This solution is

now saturated with hydrogen chloride gas; the barium and
radium are precipitated quantitatively as chlorides, almost free

from the other substances present. The chlorides are filtered

off, dried, dissolved in water, and purified from the small
amounts of second and third group elements in the ordinary
way. They are finally precipitated as carbonates by means of

pure Na2C03, and the carbonates dissolved in HCl. This solu-

tion is now ready for fractional crj'stallization for the recovery
of the radium.
The economic success of the process depends on the fact that

it is possible to decompose the uranium minerals without bring-

ing the whole ore complex into solution, and that comparatively
small amounts of reagents are required to effect this. The tail-

ings sent to the dump, amounting to about 50 per cent, of the
material smelted, are almost free from radium and uranium,
and appear to consist mainly of unaltered rutile. The radio-

active slimes amount to about 1 ton from every 10 tons of

concentrates, and are one-fifth of the weight of the tailings. As
the alpha ray activity of the slimes is thirtj^ times that of the
tailings, it appears that the shmes carry over 80 per cent, of the
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radium originally present in the concentrates. That is, the
initial fusion of the concentrates enables a great concentration of

me radium to be made bj' mechanical means before continuing
the chemical treatment.
The rare earths in the concentrates distribute themselves in

the course of the iron hydroxides carrying 7.36 per cent, rare

earths, the uranium product containing 1.57 per cent, and the
crude sulphates. The rare earths extracted from the iron

hydroxide precipitate are only very feebly radioactive. The
activity does not increase with time, and is due to the presence
of 0.06 per cent, of thorium oxide, with its attendant ionium.
The earths extracted from the uranium product are also only
very feebly active. The rare earths carried down with the crude
sulphate contain a considerable proportion of the thorium in the
ore, and appear also to carry most of the actinium. This is to
be expected, as it is well known that actinium can be extracted
from a solution bj' precipitating barium sulphate in it. A thor-
ium-ionium preparation worked up from the earths in the crude
sulphate has an activity several hundred times as great aa that
of UsOs.
The rare-earth mixture, containing about 3 per cent, of rare

earths in addition to the constituents enumerated, is fused in an
iron crucible with excess of sodium hydroxide containing some
sodium carbonate, the melt extracted repeatedly with hot water,
the insoluble residue digested with excess of sodium carbonate
under a steam pressure of 90 lb., the carbonate residue washed,
treated with dilute hydrochloric acid, the solution evaporated to

dryness, the residue treated with water, the silica filtered off, and
the solution .saturated with hydrochloric acid gas (to precipitate

the radium and barium) and filtered. The filtrate, containing
the actiniferous rare earths, is evaporated to dryness and the
residue further treated to separate actinium. lonum appears to

be chemically inseparable from thorium, so that by extracting
and purifying the latter by any of the well-known methods an
active ionium product is obtained.

DUST AND FUME CONDENSATION

The problem of dust catching is one of reducing the speed of

the gas sufficiently. J.\.mes Douglas, in writing of the Copper
Queen, saj's that all true dust would settle from a velocity of 2)^
ft. per second in a chamber 125 ft. long, which rate of settlement
can be materially increased by wire screens placed across the
direction of flow. Later it was understood that the rate adopted
was 5 ft. per second. Hence dust .settlement reduces itself to a
question of large chambers and of temperature reduction, which
reduces volume and hence speed. The reduction of tem-
perature can best be achieved by thin-walled steel flues—often,

aa at Mammoth, by passing the gas through a great number of

parallel steel pipes. These pipes may or may not be cooled by
a water spray. Another method is to make the top of a brick
flue out of a series of cast-iron pans which are set step-fashion,
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so that each overflows into the next, the feed being just sufficient

to equal the combined evaporation from all the pans.
The use of baffles and tortuous windings in the flues has

largely been given up, as it is usually conceded that these act
more as stirrers than settlers. However, settlement is helped
by plates hung so that they are parallel to the travel of the gas
(Freudenberg plates), or by wires across the travel (Roesing's
wires).

A stack is of practically no value as a dust settler. It may be
needed to give the necessary draft through the flues, or to dis-

charge the gas so high that it will be diluted enough not to be
unendurable by the time it reaches the ground, but that is

about all. When a dust particle starts up a stack it usually
emerges on top. The Wishcenus stack consists of a large
number of radial openings near the top of the stack. The wind
enters through these and quickly dilutes the effluent.

The ferrous metallurgist uses the centrifugal gas washer (a

test of a Thiessen washer is given in the succeeding pages)
but it seems doubtful whether they would have any effect on the
lead- or copper-smelter's fume.

For fume condensation the most successful treatment seems
to be the Cottrell system of electrostatic discharge, de-
scribed at more length below, filtration through bags, or
precipitation by thoroughly atomized water (Schutte-Koert-
iNG system). Scrubbers in which the gas is allowed to bubble
through water amount to very little, although their efficiency

can be raised, usually, by oils or acids in the water. Figures
on baghouse work are given on p. 565. While a baghouse
should pay in lead smelting or on silver furnaces, it probably
does it only indirectly in copper work—by keeping the smoke
farmers quiet.

Gas control must be by chemical means, except that SO3 is

very easily condensed by the Cottrell system. Sulphur
dioxide and trioxide are controlled completely at the Ashio
mines, Japan, by passing all the effluent gases through lime
water. The Sprague system adds zinc oxide to the flue

gases and filters out the zinc salts in the baghouse. The
Hall process aims to reduce the sulphur oxides to sulphur as
formed in the furnaces using hydrocarbon vapors as the reducing
agent. Young's thiogen process aims at the reduction of the
sulphur vapors in the flues by hydrocarbon gases.

Electrostatic Precipitation (Cottrell Process)

This is best performed in tubes in which the tube forms one
electrode and a wire placed concentrically with it forms the
other. The discharge should not be one produced by an alter-

nating current, but should be a silent discharge with the wire
preferably the negative anode. The breakdown voltage with
most smoke is about 32,000. The presence of fine points due to

hardened deposits, kinks in the wire, rough spots, etc., tends to

localize the discharges from the wire, and even though there be
many such points, the cleaning action of such discharges is
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mucli below that of a uniform field around a straight wire
(A. F. Nesbit, "Trans. A. I. E. E.," Third Midwinter Con-
vention, P>b. 17 to 19, 1915).
At the Hooker Electrochemical Co.'s Plant 30,000 cu. ft. of

gas per minute is treated with a power consumption of 3 to
5 kw. At the Garfield, I'tah, smeltery 200,000 cu. ft. of gas per
minute is treated with an expenditure of 50 kw. The electrode
spacing is 2I2 in. and tlie potential is 50,000 volts. At Tooele,
Utah, 20,000 cu. ft. of gas per minute requires less than 5 kw.
Each of the two units contains 48 pipes 12 in. in diameter by 15
ft. long.

A full review and complete bibliography of this process is

given in in the Eng. and ^lin. Journ. of Feb. 26, 1916.

Thiogen Process

The thiogen process was devised by S. W. Young of Stanford
University, in an attempt to eliminate sulphur gases from smelt-
ery smoke. The process contemplates passing a mi.xture of the

sulphur-bearing gases and a hydrocarbon reducing agent of thf
ethylene series over a catalyst of calcium sulphide. The re-

actions are:

CaS + SO2 = 2CaS03 + 3S
2CaS03 + C2H, = 4CaS -|- 2CO2 + 2H2O.

In practice, when a mixture of .sulphur dioxide and hydro-
carbon vapor pass together over a mixture of calcium sulphide
and calcium sulphite, the reactions proceed simultaneously.
The hydrocarbon gas is generated from fuel oil. The process
has been tried at the Penn Smelting Works, Campo Seco, Cal.,

but the catalyst poisons easily and it does not appear that it is

yet a commercial process. (See Eng. and Min. Journ., Feb.
15, 1913.)

Hall Process

An invention of E. J. Hall, by which sulphur-bearing gases
were to be treated immediately after their formation with a
reducing gas containing some hydrocarbons. Elemental sul-

phur was to be set free, which was to be recovered in a cen-
trifugal scrubber. The process was tried at the Balaklala
smeltery in California, but is imdenstood to have given trouble
through the formation of allyl compounds that rendered the
neighborhood extremely offensive, and through the fact that
the washers did not do what was expected of them. (See
Eng. and Min. Journ., July 5, 1913, for a fuller account of

the theory of the process.)

Bag-house Data

Some data were given by Anton Eilers, before the Inter-

national Congress of Applied Chemistry in 1912, concerning
bag houses of the American Smelting & Refining Co. The
Murray, Utah, plant treats furnace charges low in lead (10-12
per cent.) and the precious metals. They are wet and carry up
to 4 per cent, of sulphur. Its total cost was $127,195 including
the cost of 4,032 cotton bags and the distributing flue, etc.
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The building was 216^ X 90^ ft., and was 51^ ft- to the roof

trusses. Stacks carried the fumes out of the building and it

%vas necessary to place a lead-lined pan at a sufficient distance

under the stack not to interfere with the draft, to catch the con-
densed moisture dripping from the stack sides, which otherwise
drops on and eats away the bags. The bags are 18 in. in diam-
eter and 30 ft. long, shaken from outside. The average life

of cotton bags costing S2.136 a piece, was 17 months, 11 days.

The}' were replaced by woolen bags from the Buell Mfg. Co.,

St. Joseph, Mo., costing S4.718o apiece, which it is estimated
last 4 years. Other bags were bought from the Laporte
Woolen Mills, Laporte, Ind., at a cost of S4.784. There are

570,012 sq. ft. of filtering surface for filtering 165,000 cu. ft.

of gas per minute, but if one compartment was down, there were
2y^ sq. ft. of filtering surface per cubic foot per minute. If

over 24 in. of fume is allowed to accumulate in the cellars under
the bags, spontaneous combustion begins. Therefore, when the
cellar of any compartment contains 24 in. of dust, it is damp-
ered off from the bags, hot coals thrown in on the du.st, and the
dust sintered by its own combustion. In this Murray bag house
the following percentages of the metals charged in the furnaces
were recovered: Lead, 1.269 per cent.; silver, 0.063 per cent.;

gold, 0.049 per cent.; and copper. O.OllS per cent. The oper-
ating cost in 4l% years was S76,8o3; treatment charge on the
material recovered was S69,290, while the value of the metals
recovered was S152,691, showing an apparent gain of S6,o47,
but if proper interest and amortization charges be placed against
it, there is a net loss of So8,746. These figures show that, tak-
ing the immediate financial outcome only, bag houses are not
profitable in lead-smelting works, except where it is an object
to stop smoke-suits.

Omaha Plant

This plant treats gases from converters treating leady copper
mattes; from blast furnaces treating rich charges; and from
zinc-oxide furnaces. The following facts are given for the con-
verter bag house. The secret of long life for the bags is said

to be thorough cooling of the gases before admission, and a good
vacuum over the bags, drawing off the exhaust gases rapidly.

The converter bag house has 68,000 cu. ft. in the flue; 67,000
cu. ft. in the cellar; 174,000 cu. ft. in the bag chamber; has 940
bags, 18 in. X 28 ft. long, having 124,000 sq. ft. of filtering area;
treats the gases from converting about 45 tons of blister, or
about 5,200,000 cu. ft. of gas which usually passes in 15 hr. out
of the 24. The gas temperature at the bag house is 152°F.
This bag house showed a profit of -598,712 per year on a 842,000
cost.

Some other miscellaneous bag-house data have been collected
as follows:

Unwashed-wool bags have been found to be the best for

filtering purposes because thej' last much longer than any other
kind. Unwashed wool is wool which has not had the animal
grease scoured out.
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The method of neutralizing sulphurous gases at the United
States lead smeltery at Bingham Junction is to pass the gases
through steel flues exposed to the atmosphere in order to get

cooling effect; then to add powdered lime to combine to form
calcium sulphate. Zinc oxide is also very valuable for neutral-
izing tliese gases, but it is expensive. However, since the works
have zinc concentrates to treat, these will be mixed with crushed
coal or coke, and roasted in furnaces near the flues. The zinc-

oxide fumes resulting will be conducted into the main flues after

the lime has been added, about 100 ft. further on, so that the
lime shall have had time to act. A considerable velocity of

gases is required in order to keep the lime in suspension, 2200
ft. per minute, which was the velocity of the copper blast-

furnace gases in the flues.

The gases should travel at least 100 ft. after the neutralizing

agents have been put in, in order to give them time to act.

Apart from their greater resistance to sulphuric acid, sid-

phuric anhydride, and selenium dioxide, wool bags are superior

to cotton for filtering purposes liecause of the fine hairs lying

on the surface, whicli arrest all the finest possible particles of

the fume before they reach the actual pores of the filtering

medium.
The bags at the United States lead plant are 34 ft. 6 in. long

X 18 in. in diameter. When tied in place they give a net
filtering area 31 ft. X 18 in. diameter, equal to 141 sq. ft. of

filtering surface per bag. One sq. ft. of bag filter cloth is

allowed for 0.7 cu. ft. of gas at 0°C. These bags weigh 7 to

8 lb. each and cost 4.5 cts. per linear yard. The freight on bags
per pound is 2^ cts. and the hanging cost is estimated at 15

cts. per bag. This makes the total cost per bag in place $5.50.

The mechanical sliaking device installed in this bag house costs

at the rate of $2 per l)ag.

In the Mammoth bag-house experiments, 1 sq. ft. of filter

cloth filtered 0.75 cu. ft. of gas at 0°C. under ^6" to 1^-in.

water pressure. There was no apparent deterioration of bags
at .50° to 100°C. When temperature falls below 45° the bags
become damp and permit the fume to escape. In dry weather,
the temperature can be as low as 25°C. and the bags filter all

right. The cotton bags used were of 50 mesh and the wool
bags of 20 mesh.

At the United States lead bag house the ideal temperature
for lead blast-furnace gases is considered 70°F., and must not
exceed 90°. The ideal temperature for roaster • gases is 100°

and must not exceed 120°P\

At the United States lead bag house the blast-furnace bag
du.st is high in ar.senic. This dust ignites of its own accord in

the dust chamber basement and sinters to a sort of clinker

which is treated in the arsenic plant. This clinker contains on
an average 22 per cent, arsenic and 32 per cent. lead. This

product goes to the Brunton furnace, 20 ft. diameter X 4 ft.

high, encased in brick, fired with coke, and with the hearth
revolving once in about 9 min. The arsenic volatilizes and
passes off as As^Oa. The lead sinters and is worked off the
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hearth into hoppers by rabbles. This averages 40 per cent, lead
and 9 per cent, arsenic. The AS2O3 fume discharges into brick
settling chambers 200 X 20 X 10 ft. high for the first 50 ft.,

and 8 ft. high the rest of the length. At intervals of 8 ft. in

this chamber are baffle walls to make the gases zigzag and de-
posit acid on the walls. The product from this chamber
averages 97 to 99 per cent, arsenic and is further refined in a
reverberatory furnace 25 ft. X 15 ft. X 6 ft., coke fired. This
chamber is kept at .500° at .30 ft., 200° at 100 ft., and 120° at
175 ft. from the furnace. If the end chamber gets too hot the
acid goes off and is lost. This product is crystalUne and has to
be ground for the market. It assays 99.87 per cent, pure and
is much better than the foreign article.

In installing any bag house the quantitj' of gases and the
temperatures will be kno^\Ti. It is required to determine the
amount of cooling surface necessarv' to reduce this temperature
to one which would not injure the bags, and then to determine
the number of bags required to filter this amount of gas. The
length of the cooling pipes is more or less fixed bj' the contour of

the ground, and the available sites for the bag house. The sizes

of the pipes are determined by the quantity of the gas flowing.

Experiments in radiation and conduction through Xo. 8
steel plate show that the rate of heat transmission is equal to
0.042 B.t.u. per minute per square foot of cooling surface per
degree difference between temperature of gas and external air.

The weight of this gas mav be taken at 0.08 lb. per cubic feet

at 0°C., and its specific heat at 0.2.375.

A tvpical baghouse fume is Pb, 52.5 per cent.; Zn, 3; S, 5.4;

As, 14.2; Sb, 1.6.

Chimneys^

The velocit}' of discharge of a gas from a chimney is as
follows

:

y-^f|^{^
where V = Velocity in feet per second.

g = Acceleration due to gravity.

h = Height of chimney in feet.

t\ = Absolute temperature of external air.

t" = Absolute temperature of the hot gas.

Since the velocitj' varies as the square root of the height, high
chimnej'S do not pay. Indefinite increase in temperature of the
exhaust gas is not an advantage, either, for although the velocity
increases with increased temperature, the increase in volume
offsets this. The maximum results are obtained at 273°C.
over outside air.

Draught power of a chimney in inches of water is:

' W. R. I.VGALL8, "Metallurgy of Zinc and Cadmium."
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Copper Leaching

In general, leaching processes fall into 12 distinct groups:
(1) Oxidation of sulphides in the ore with formation of water-
soluble sulphates. This may be slow, going on at ordinary
temperatures; or a quick sulphatizing roast. This latter, in

turn, may be either an oxidation of sulphides already present
in the ore, or with addition of pyrite material, such as was
tried in the Shannon Cojjper Co.'s experiments. However,
owing to the formation of basic compoimds, the products of

the sulphatizing roast must ordinarily be treated with dilute

sulphuric-acid solution, so that this process grades into: (2)

Leaching of oxidized ores or calcined sulphides with sulphuric

acid, in which category come the successful operations of the
Anaconda Copper Mining Co., the Chile Exploration Co.'s plant
at Chuquicamata, the New Cornelia Copper Co. at Ajo, Ariz.,

the .\rizona Copper Co.'s leaching plant at Clifton, and the
Butte-Duluth and Steptoe plants. Somewhat akin to these

is: (3) The use of soluble persulphates, of which iron is tlie only
practical example, as a solvent. The Siemens & Halske process
IS the classic example of this:

Cu..S + 2Feo(S04)3 = 2CuS04 + 4FeS0« 4- S
CuO + Fe(S04)3 = CUSO4+ FeoCSOOzO

(4) Closely allied to (2) is the process used at Stadtberge and
Linz, Germany, in which oxidized ores were treated with sul-

phur dioxide and nitrous gases. Intermediate between two
main groups of sulphate and chloride leaching stands: (5) the
Dotsch process, used at Rio Tinto, Spain. In this proce.ss,

ferric sulphate and salt are the reagents, the equations being
essentially:

CuS + Fe.Cle = 2FeCl2 -|- CuCl, + S
CuaS -I- Fe.CU = 2FeCl2 + Cu^Clo + S

The liquor is regenerated, after precipitation of the copper, by
running it down through chlorine towers, the gas being produced
by heating salt and ferrous sulphate in an oxidizing atmosphere
in reverberatories:

2FeS04 + 4NaCl -h 30 = FeoOj + 2Na2S04 + 4C1

The Hunt-Douglas process also falls into the same class.

Among the chloride-leaching processes the use of (6) hydro-
chloric acid has been proposed but does not seem to be in com-
mercial use anywhere at present. (7) Hopfner uses cupric

chloride:

CuCl. -I- CuS = CU2CI, + S

while the use of ferrous chloride is theoretically attractive:

3CuO -I- 2FeCl2 = Fe^Oj + CuCl, + CujCU
3CUCO3 + 2FeCl2 = FeaOa + CuoClo + CuCla + 3CO2

Practically, however, the reactions are slow, precipitation of

the copper expensive, and regeneration of the "ic" salts incom-
plete. (8) The Longmaid-Henderson process first calcined the

ores, then roasted with abraumsalz, a mixture of sodium, po-
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tassiura, magnesium and calcium chlorides. In an absolutely
different class of reagents come: (9) Ammonium carbonate or

(10) ammonia. The great difficulty with these processes has
been the loss of the reagents by volatilization, but the ammonia-
leaching process is now to be given a thorough trial at Lake
Linden, Mich., under the auspices of the Calumet & Hecla
Company. (11) Last is the theoretically beautiful leaching

with sodium thiosulphute, which appears to be a practical

failure through the readj^ decomposition of the reagent and the
inhibitory effects of calcium compounds. (12) Leaching with
nitric acid is to be tried by the Xevada-Douglas Copper Co.
at Ludwig, Nev.
Any review of leaching would be incomplete without some

reference to the ingeniously worked out Bradley process. ^ The
ore was carefully roasted to a sulphate and most of the iron

was converted into insoluble ferric oxide. This must be done
at temperatures between 450°C. and 5oO°C. The roasted ore

was then brought into association with an excess of calcium-
chloride solution in a reaction drum at about a temperature of

100°C. Cupric chloride was produced by the reaction between
the copper sulphate and the calcium chloride, while any ferric

sulphate in the roasted product reacts with the calcium chloride

to produce ferric chloride. The calcium sulphate from both
these reactions is of course insoluble and is separated by filtra-

tion in the succeeding step.

From this solution the iron and alumina was precipitated by
cupric oxide, hydrate, or calcium carbonate, which carries

down some copper. This precipitate was therefore returned
to the sulphatizing-roasting process, in which the bulk of the
iron and alumina were rendered insoluble, while the copper was
converted into soluble copper sulphate.
The solution from which the iron and alumina had been

removed and which contained the bulk of the copper was run into

a second tank in which copper was precipitated by calcium car-

bonate as oxide of copper. The precipitate was filtered off and
the copper recovered, while the calcium chloride was regenerated
for use on further quantities of ore. There were also modifica-
tions for recover}^ of the silver, gold and zinc in the ore. Appar-
ently its own chemical complications caused its failure.

In the consideration of any leaching process the first factor
is the character of the ore. Thus, an ore containing large

amounts of calcium carbonate obviously cannot be successfully

leached with any free-acid reagents. The same would equally
apply to ores containing large amounts of soluble alkalies,

magnesia, alumina, etc. The leaching agent will be determined
partly by the character of the ore and partly by its own cost.

The reagent most generally available and cheapest is sulphuric
acid. Ample wash water is a sine qua non, while the last great
question is that of a precipitating agent. On this we are at

once reduced to iron, sulphur dioxide under pressure, electro-

lysis and calcium carbonate or hydrate.

lU. S. Pat. No. 1,011,502.
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Scrap iron, after the floating supply of tin cans has been
utilized is likely to he an expensive commodity. Using a fairly

pure copper sulphate solution, the consumption of iron is likely

to run from 1,^-4 to llo lb. of iron per i)ound of copper pro-
duced. Where the solutions are high in chlorides, as in the
Dotsch process at Rio Tinto, the consumption of iron is said

to run as high as 2^2 lb. of iron per pound of copper produced.
However, 1 do not feel that the possibilities of sponge iron,

i.e., iron produced b}' the reduction without fusion of ferric

oxide, have by any means been exhausted, and that the great
hope of chemical precipitation lies in this material.

Electrolysis looks fine on paper, like everything else con-
nected with leaching. However, as ordinarily conducted there
will be constant trouble with the anodes, and only about 1 lb.

of copper will be deposited per kilowatt-hour. According to
theory, if sulphur dioxide can be introduced under proper con-
ditions, the anode can be depolarized and the electrol3'tic cell

made to be practically a primary battery. Working along
these lines Lawrence Addicks claims to have obtained a deposit
of 23^2 1'^- of copper per kilowatt-hour.' But it is by no means
certain that high enough current densities can be used when
this efficiency is being obtained to make the process a com-
mercial one.

However, the factors of solution and precipitation will

ordinarily be settled by purely commercial considerations, i.e.,

some one solvent and some one precipitant will probablj' be
the one that must be made to work if the process is to be suc-
cessful. The question of water supply must be settled by the
proper locating of the works.

Other details on which experimental work will have more of

a chance to pick and choose are such matters as fineness of

crushing, upward or downward percolation, percolation vs.

agitation, strength of lixiviant, the control of impurities in the
solution, both as to their control when there, and preventing
them going into solution, the slime problem, adsorption of

copper bj' the ore and the proper amount of wash water. This
will probabh^ seem a verj^ summary dismissal of the leaching
problem. So it is. The process has not arrived at the stage

of having constants or published working costs and conditions.

Precipitation of Silver from Cyanide Solution

Precipitation from cyanide solution is by deposition of the
dissolved metal upon zinc, either in the form of shavings or

dust, or upon aluminum in the form of dust, or by electrolysis.

Zinc dust is at present the most usual precipitant, although
aluminum has some advantages, in that it does not form any
cyanogen compound. Electrolysis has been a popular process,

but at the present time it is considered too expensive for general

use. One ounce of silver requires about one ounce of zinc or

one-third of an ounce of aluminum for its precipitation.

^Eng. and Min. Journ., Jan. 9, 1915.
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Sulphur-sand Cement^

Sulphur-sand cement is composed of 1 part sulphur and 1.4

parts quartz sand ground to pass at least a 60-mesh screen.

The mixture is heated to about 150°C. when it flows nicely and
is sufficiently above the melting point of sulphur, 114°C., to

prevent sudden chilling. The fact that sulphur begins to

thicken above 156°C. and becomes so viscid that it will not flow

at 180°C. must be borne in mind or there will be difficulty in

working the cement. This is possibly the most satsifactory

general cement available for low temperature work. It is

readily handled and remarkably strong, has a tenacious bond
is free from cracking and inert to most solutions. It will be
found valuable for large-scale work, as well as in the laboratory.
It was developed by Charles S. Bradley for use in his copper-
leaching process.

Sizes and Capacities of Bullion Moulds^
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Briquetting

For the purpose of agglomerating tlue dusts and fine ores there
are a number of binders and methods. Among the binders
may be mentioned cement, concentrator sUme, milk of lime,
molasses refuse (which usually leads to a convention of flies

assembling from all the neighboring states), ferric- or ferrous-
sulphate solutions, magnesium- or calcium-chloride solution
(the use of 5 to 10 per cent, of magnesium- orcalcium-cldoride
solution, equivalent to 0.25 to 2 per cent, of MgCl2 or CaCls,
followed by compression, constitutes the patented Schumacher
process), and various asphaltic and tarry residues.

Of the various methods used with these binders may be
mentioned hand-moulding, brick-press moulding (square form),
round briquettes (Chisholm-Boyd-White machine), briquettes
cut from continuous stream (Cii.\mbeu's brick nuichine), the
use of bags, and agglomeration in Hintington-Heuerlein
Eots or Dwight-Llovd roasters for lead ores, and on Dwight-
LOYD machines or in cement kilns for flotation concentrates.
For metallic chips the Ronav process is probably best.

This method is one for briquetting metallic chips without a
binder. The divided metal particles are subjected in a mould
to pres.sures of about 30,000 lb. per square inch. The briquette
is allowed to remain under pressure a sufficient time to expel all

the air and moisture, having been previously freed from dust
and dirt.

A general resume of the subject of briquetting for iron-blast
furnace work is abstracted by the Journal of the Society of
Chemical Industry, Oct. 30, 19i5, from Le Gdnie Civil, 1913, p.

306, and Revue de Mclallurgie, 1915, p. 138. To be serviceable
in a blast furnace, briquettes should satisfy the following tests:

(1) fall from a height of 3 to 4 m. on to a metal plate without
being reduced to powder, and withstand a pressure of about
140 kg. per square centimeter; (2) withstand a temperature of

900°C. without being reduced to powder; (3) stand in water for

some time without softening; (4) withstand steam at 150°C.
without being reduced to powder; (5) be sufficiently porous to

absorb 12.5 to 16 per cent, by volume of water on oeing im-
mersed for 25 minutes. The briquettes should be free from
sulphur, arsenic, and other objectionable materials, and the
cost of briquetting must not \)e greater than the difference in

value of the ore in lump and as smalls.

Methods of Briquetting.— (1) (Yeadon). 5 to 10 per cent,

of slaked lime is added and the mixture made into a paste with
water. Briquettes are formed under a pressure of 400 kilos

per square centimeter and are placed in the open air to dry
and harden. This requires at least 2 months. To avoid this

delay steam under pressure is sometimes used, or about 10 per
cent, of sawdust is added to the mixture and the briquettes are

heated to r200°-1400°C., when the wood carbonizes and the

particles of ore frit together. (2) A mixture of equal parts of

lime and sand is used as the agglomerant. (3) (Schumacher).
Fresh blast-furnace dust is briquetted with magnesium chloride
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as binder. (4) Basic blast-furnace slag is used as the agglom-
erant for dust, hardening being effected by high-pressure steam.
If the dust is deficient in Ume, 4-4.5 per cent, of this material
is added. (5) An intimate mixture of ore, limestone, and
moistened cement is briquetted under a pressure of 400 kilos

per square centimeter. The briquettes are serviceable after

standing in the open air for 3 or 4 days. (6) (Weiss). Bri-

quettes containing 5-6 per cent, of slaked lime are compressed
at 300 kilos per square centimeter and subjected to the action
of carbon dioxide under a pressure of 20 kilos per square centi-

meter, first in the cold and then hot. The treatment requires

about 5 hours, after which the briquettes are serviceable. (7)

(Ronay). Blast-furnace dust or roasted pyrites is comjiressed
hydraulically into briquettes, without the addition of binders,

under a pressure of about 1000 kilos per square centimeter.

(8) (Grondal). Impure ores are ground and concentrated
in magnetic separators. The ore-mud is formed under small
compression into briquettes, which are then passed on wagons
of special construction through gas-fired tunnel furnaces. The
highest temperature reached is 1300°-1400°C., which causes
the particles to frit together and drives off sulphur. The bri-

quettes are of high quality.

Recent German Blast-furnace Practice.—A writer in Stahl

und Eisen gives the following comparison of the space used per
ton of pig iron in Germany 30 years ago with present practice.

Our translation is taken from The Iron Age. The particulars
are the average of forty-three furnaces

:

Present practice

Iron

Foundry iron
Spiegeleisen

Open-hearth steel-making iron

Basic-Bessemer iron

Cubic
meters
2.89
2.22
1.34
1.28
1.10

In a similar way the time required for the charge to work through
the furnace has decreased considerably during the last 10 years.

For basic-Bessemer iron it varies from 10 to 25 hours, the lower
time for Westphalia and the higher for the Minette district.

For open-hearth steel-making iron it is from 14 to 21 hours, for

hematite 15 to 30 hours, and for foundry iron 16 to 27 hours.
For spiegeleisen the time varies from 24 to 27 hours. For 80
per cent, ferro-manganese the time required is 20 hours with
about 205 per cent, coke consumption, 18 hours with 230 per
cent., and 12 hours with 260 per cent.; all for 90 tons daily

output. For 12 per cent, ferro-silicon, with about 125 tons
39



610 METALLURGISTS AND CHEMISTS' HANDBOOK

daily output, it is about 14 hours with 215 per cent, coke
oonsiiniption, and 12 hours with 225 per cent. The advantage
of a wide throat that favors a uniform descent of the charfre lias

founil greater and greater recognition, so that diameters of over
5200 nun. (17 ft.) are not uncommon today, with a ratio to the
diameter at the bosh hnc of 0..S, whicli makes the angle of the
stack very steep. This angle is usually about 86 deg. ; in par-
ticular, for furnaces making foundry iron it is 85 to 87 deg., for

those making open-hearth steel-making iron, 81 1^ to 86)-^ deg.,

and for those making ba.sic-Be.ssemcr iron, 81 to 86 3>^ deg.

With large outputs the bosh angle is 76 deg., although there are

some exceptions. In particular, for furnaces making foundry
iron the lowest case is 67 deg., the highest 77 deg.; for furnaces
giving open-hearth steel-making iron the angle is 703^ to 77 deg.,

and for those making basic-Bessemer iron, 71J;^ to 76}^ deg.

If the cross-section of the tuyeres per ton of coke is compared for

modern blast furnaces, considerable differences are found, and
this is also true of the blast pressure. No settled ratio between
these quantities can be noticed. For instance, the results of the
forty-three furnaces give the following:

Iron
Tuydre section per

ton coke
Pressure

Foundry iron 13 . 84-13 . 3 .sq. cm.
Open-hearth steel-making iron. l5. 8 -12.6 .sq. cm

14.0-24 cm.
22.5-75 cm.

Basic-Bessemer iron l3.6 - 9.32 sq. cm. 24.0-68 cm.

Some Constants for the Metallurgy of Iron
He.\t Context of Pure Iron'

Temp.
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As to American blast furnace practice, according to A. N.
DiEHL (Amer. Iron and Steel Inst., May 28, 1915) although we
have a few instances where coke consumption is down between
1600 and 1700 lb. per ton of iron produced, nevertheless he
believes the best 1915 practice is not far from the best Duquesne
practice of 1897-1899, and gives the following to support this

view:

wV\^RAGE Practice at Duquesne Blast Furnaces for 1897
AND 1899

Bessemer Basic

1899

Bessemer Basic

Daily product, tons
Coke per ton iron, pounds.
Silicon in iron, per cent.. . .

Sulphur in iron, per cent. . .

Ratio coke to ore
Per cent. Mesabi ore used..
Per cent, flue dust made. . .

Flue dust per day, tons. . . .

Flue dust per month, tons.
Theoretical slag volume.. . .

Silica in slag
Alumina in slag
Cu. ft. air per minute
Cu. ft. air per ton iron
Cu. ft. air per lb. coke
Silica in ores
Heat in blast
Percentage limestone

477
1,940
1.11

0.023
2.027

-37.48
4.1
35

1.069
1,108
33.03
14.01
40,352
118,096

60.7
5.8
925

24.5

438
2,016
1.00

0.034
1.934
36.88

5.3
39

1,398
1,157
32.96
14.37
37,244
121,044

60.0
6.2
950

24.3

509
2,059
1.24

0.029
1.988
33.13

4.8
45

1,362
*

33.75
15.00
53,765
146,566

74.0

943
22.4

565
2,001
0.59

0.048
2.105
39.83
4.0
42

1,288
*

33.11
14 . 34
54,423

134,352
67.3

1,025
21.5

Three furnaces working bessemer; one furnace working basic.

CoMPARisotsr OF Furnace Practice 1897-1899, 1912-1914

Daily
output,
tons

Coke,
con-
sump-
tion,
pounds

Analyses

Silicon,

per cent.
Sulphur,
per cent.

Heat
in blast,
°F.

Bessemer, 1897-99
Basic, 1897-99
Compared furnace, 191 2-14.

502 1,979
524 1,943
529.3 1,925

1.17
0.71

0.026
0".041

948
1,013
1,085

Charcoal Analysis.—According to J. E. Johnson, Jr., the
average analysis of kiln birch and maple charcoal is as follows:

CO2, 4.50 per cent.; O., 0.67; H2, 1.65; CO, 11.10; CH4, 3.40;
N2, 7.77; fixed carbon, 68.50; ash, 1.00 per cent. Retort char-
coal is commonly believed to be a little higher in fixed carbon.
Owing to its thermal conductivity a 2-in. lining of zirconia is

equal to 4 in. of chamotte. It is practically unaffected except
by molten fluorides and bisilicates.

Screen Analysis of Ores.—In considering the advisability of

briquetting or sintering any given ore, the point brought up by
* Not calculated.
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A. X. DiEHL (Am. Iron & Steel Inst., May, 1915) should bo
considered. This is, that the ordinary screen analysis of dry
ore is misleadinp;, as fine particles cling to the larger ones. He
therefore gives it as his opinion that wet sieving tests should he
used, as in these the fine particles are washed through the screens

and one obtains a better classification. He gives some com-
parative tests as follows:

Comparison of Dry and Wet Analysis of Ores

On 20-me8h screen
On 40-nie8h screen
On 60-niesh screen
On 80-mesh screen
On lOO-meeh screen
Through lOO-mesh screen

Ore No. 1,

per cent.
Dry Wet

Ore No. 2,

per cent.
Dry Wet

54.59 46.40 61.13 46.00
10.36
12.44
1.70
4.67
16.24

13.80
3.30
5.80
1.10

29.60

10.08
10.58
1.44
3.33
13.44

8.40
3.60
4.40
0.70
36.90

100.00 100.00100.00 100.00

Ore No. 3.

per cent.

Dry Wet

71.08
6.92
6.29
1.25
2.51
11.95

57.70
10.20
2.90
3.30
0.80
25.10

100.00 100.00

Thermochemistry of the Iron Blast
Reaction

3FeO + Si = FeSiOs + 2Fe
FeO + Mn = MnO + Fc
8FeO + 2P = FesPzOs + 5Fe
FeO + C = CO + Fe
SiOj + 3 CaO = CaSiOs
PiOs + 3CaO = CaaPzOg
FeSiOa + CaO = CaSiOj + FeO
Fe.PjOg + 3CaO = Ca3P208 + 3FeO
MnSiOs + CaO = CaSiOs + MnO
Mn.P^Os + 3CaO = CaaPjOg + 3MnO
FeSiOa + C = SiOz + Fe + CO
MnSiOa + C = SiO^ + Mn + CO
FeaPiOs + 3C = P2O6 + 3Fe + SCO
FeO + C = Fe + CO
MnO + C = Mn + CO
FeaPjOs-l- 3Si02 = SFeSiOs + P2O5
CajPzOg + 3Si02 = SCaSiOs + P2O6
P2O6 + 5C = 2P + SCO
Loss of Heat in Subterranean Gas Conduits.

table is given bv M. Quasebart in Stafd und
492.

Furnace
Calories

= + 100,040
= + 26,200
= + 168,700

35,600
15,200
78,700
5,600

26,340
10,200
19,100

- 45,600
- 67,200
- 159,160
- 35,600
- 61,800
- 22,360
- 31,900
- 260,500

—The followingj

Eisen, 1913, p

Gas temperature,

°C.

700-600
600-500
500-400
400-300
300-200

Loss in deg. per
meter of length,

"C.

3.5
3.0
2.5
2.0
1.0
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Steel Coxverting- -Heat Effect of Oxidizing 1 Kg. of
Material
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PiG-IUOX CoVS'EHTINO DaTA
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Heat absorbed Cal.

Fe.Os to FeO...
FeO to Fe
FesC to Fea+C.
FeSi to Fe +Si

.

FesPto Fes+ P.

18,900 X 573 =
4,681X1,173 =
471 X 705 =

2,000 X 931 =
750X1,400 =

10,829,700
5,490,800
332,000 (?)

1,862,000 (?)

1,050,000 (?)

19,564,500 (?)

Balance Sheet of Iron Blast Furxace'
I Per 1000 Units of Pig Iron)

Charges Pig iron Slag Gases

Ore
I

1530.2

FejOs.
FeO..
SiOi..
MnO.
AbOs.
CaO..
MgO.
PjOs.
S
Cu...

Limestone.

FeiOz
Si02..
AI2O3
CaO.
MgO.
P2OS.
S
CO2..

Charcoal.

C
N
O
Fe203.
Si02..
CaO..
MgO..
PiOs..
S
K2O..
H2O..

Blast.

1314.9
60.6
84.2
9.6
11.6
34.1
14.8
0.092
0.153
0.11

115.8

0.2
3.6
0.4
62.2
0.2
0.007J P
O.OOll..

49.1 !..

Fe... .

Fe....
Si....
Mn ..



616 MET.\LLURGISTS AND CHEMISTS' HANDBOOK

Heat Balance, Iron Blast Furnace*
(Per 100 Kg. of Iron)

Heat developed
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Washing
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Types of Electric Furnaces

Electric furnaces may ho divided into three classes: (1) Arc;
(2) resistance; (;i) induction furnaces, according to the difteretit

methods of fipplying the heat.

In tiie arc furnaces the heating is produced by radiation or
conduction from an electric arc. This arc is formed by the
passage of an electric current at 50 to 120 volts across the air

gap between two carbon electrodes, or between one or more
carbon electrodes and the surface of the molten metal, which
then acts as the second pole of an electric circuit.

In resistance furnaces the lieat effect is produced within the

metal itself by the resistance offered to the passage of the cur-

rent through it. The temperature attained by this method of

heating cannot equal that attained in arc heating; the radiation

and conduction losses are lower and the thermal efficiency of the
furnace is higher.

Induction furnaces form really a subdivision of the resistance

type of furnace, since the thermal effect is again due to the resist-

ance of the metal to the flow of current through it. In this

case, however, induced currents of electricity are used in place

of direct current. Tiie induction furnace is in fact nothing but
a great step-down transformer in which a ring of molten metal
forms the secondary circuit and becomes tlie focus of current
of large intensity but low e.m.f. The disadvantages of this

type of furnace are its comparatively low temperature and the

necessity for retaining a certain proportion at every melt in the

annular ring in order to carry the current for melting the next
charge. A great advantage is that electrodes are dispensed with
and that this costly item of running charges is wiped out. A
secondary advantage is that the capital expenditure upon cables

and conductors is greatly reduced.
The chief commercial types of furnace fall into the classes as

follows: (1) arc

—

Chaplet, Gronwall, Girod, Heroult,
Keller, Nathusius, Snyder, Stassano; arc and resistance

—

H.\RDEN, Xau, Soderbeug. Stobie; resistance

—

Queneau
(pinch effect), Hkkixg (pinch effect); induction

—

Anderson,
Colby, Frick, Hiorth, Kjellin, Rochling-Rodenhauser.

Composition of the Silicides and Carbides^

XizSi, CojSi, Cr.Si, Mn.Si, Cu.Si, Fe-Si,' FeSi,' WjSi,.

1
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Electric Steel Furnaces^

Power Consumption in Kilowatt-hours per Metric Ton of
Steel Produced
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used. The Kopperaaen ferro-ohrome contains 65 to 70 per

cent, chromium. In the experiments of the writer, a product
containing 50 to 68 per cent, chromium and 4.32 to 9.31 per

cent. carV^on was obtained with an ore containing 46.35 per

cent. CrjOs, and power consumption of 3.02 kw.-hours per

pound or 0.69 kw.-year per ton. A 750-kw. furnace of the

Alby Carbide type at Kopperaaen, operating continuously, uses

on the average about 3 kw.-hours per pound of ferro-chrome

produced, or 0.68 kw.-year per short ton. when chromite ore con-

taining 50 per cent. CrsOs is charged; and the product contains

5 per cent, or more of carbon and 65 per cent, of chromium.

Electric Smelting of Iron Ores in Scandinavia

Owing largely to the availability of cheap hydroelectric power,
electric smelting has progressed further in Scandinavia than
elsewhere. Dr. Alfred St.\xsfield investigated the status
of this industry in 1914 and his report, the "Electrothermic
Smelting of Iron Ores in Sweden," issued by the Canadian
Government, is a classic on this subject.

The report deals first with the "Elektrometall" furnace.

The Elektrometall Furnace

The "Electrometair' furnace in its most recent form has a
circular crucible provided with one tapping hole, from which
both the slag and metal are withdrawn, the metal and the slag

being separated by a dam as they flow out, the former being
cast into pigs or taken in a ladle to the Be.ssemer converter or
open-hearth furnace. The crucible is lined with fire-brick like

an ordinary blast furnace, and not as in the earlier forms of this

furnace with magnesite. The chimney or stack of the furnace
is constructed in a steel shell, and it is supported on steel beams
independently of the crucible. The shaft is reduced to a neck,
where it enters the crucible, so as to leave a free space for the
introduction of the electrodes, and the tendency is, it is ex-
plained, to increa.se the width of this neck, particularly when
powdery ores are being treated so as to leave a freer course for
the passage of the gases up the shaft. The arch of the crucible,

which is constructed of tire-clay bricks—not of magnesite or
silica bricks—is cooled below by the introduction of cooled gases
from the top of the furnace. It is also cooled on its upper
surface by cold air from a number of pipes. The electrodes
are circular and about 600 mm. (nearly 2 ft.) in diameter, and
from 4 ft. to 5 ft. long. They can be attached end to end by-

moulded carbon nipples, which are screwed into threaded holes
in their ends. The electrode holders consist of two incUned
guides, between which the electrodes lie, supported by guide
rollers. At the bottom of these guides is a water-cooled collar

built into the furnace arch. The collar is supported from above,
so that it does not press on the arch, and is packed around the
electrode with asbestos in order to prevent the gases escaping
from the furnace. Above the collar comes a water-cooled
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contact ring, which consists of a number of metal blocks form-
ing a flexible collar which can be tightened round the electrode.

Each of these blocks is connected to one of the copper bus-bars
by means of flexible cable. Above the contact ring, which is

close above the furnace arch, is a clamping ring for feeding the
electrodes. This ring grips the electrode and can be made to
move up or down the guides by a pair of long screws. The two
screws are operated from above by a ratchet, and they are con-
nected together by gearing so that they must turn at the same
time. As a rule, the electrodes do not require to be moved
more often than once in 2 or 3 days.

Electrodes and the Supply of Current

The larger furnaces have six electrodes, which are supplied
with three-phase current from three transformers. Each
transformer is connected to two diametrically opposite elec-

trodes, so that the electric current tends to pass between them
instead of between adjacent electrodes, as in the earlier forms of

this furnace. The voltage of each transformer can be regulated
by means of tappings on the primary windings, and a nearly
constant power can in this way be supplied to each pair of

electrodes in spite of changes in the electrical resistance be-
tween them. It will be realized, therefore, that the regulation

of the power is brought about by alterations to the voltage
and not by moving the electrodes up and do^\•n.

Circulation of the Furnace Gases

A distinctive feature of the furnace is the circulation of the
furnace gases. The gas, which is abstracted from the top of

the furnace, is first of all passed through dust catchers, then
through pipes where it meets a spray of water, then through a
centrifugal fan or blower where it again meets a spray of water,
and finally through a separating chamber where the entrained
water is removed. The washed gas is supplied to six tuyeres
entering beneath the furnace arch and between two adjacent
electrodes. The tuyeres cannot be utilized for peep holes,

since the dirt in tte gas would quickly obscure any glass

windows.

_
The operation of the furnace depends verj'- largely on the

circulation of the gases. By increasing the circulation the
temperature of the shaft is increased, the reduction of the ore
facilitated, the percentage of CO2 in the escaping gases raised,

and the economy, both in electric power and in fuel, unproved.
The electrodes are, however, more quickly consumed as .they

are attacked by the escaping gases. At present, apparently,
the heat in the escaping gases is not yet fully utilized in Sweden,
but the author remarks that it probabh' will be employed in

heating open-hearth furnaces and for similar purposes, which
will represent an important economy in the operation of the
furnace.
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The Helfenstein Fxirnace

The IlELKEXsTEiNfunuice luisa large smelting chamber, which
is usually rectangular in plan. The electrodes, which enter the
chamber through the roof, are arranged vertically. The ore
charge is fed in through a number of chutes, and it is not heated
beforehand. Indeed, the large shaft or chimnej', which forms
such a feature of the Kloktrometall furnace, being as it is much
larger than the crucible, is entirely omitted, and the gases
escape through the charging chutes. The omission, however,
renders it possible to construct a smelting chamber in which a
large amount of energy can be utilized. Dr. Stansfield
points out that the economy of electric furnaces increases with
the amount of power employed in them. Hence by building
a Helfenstein furnace to consume, say, 12,000 h.p., as com-
pared with the 4000 h.p. used in the Elektrometall furnace,
the increased efficiency maj' counterbalance the loss of economy
resulting from the fact that the charge is not preheated. Then,
again, the gases given off by the Helfenstein type of furnace are
greater in volume and richer in carbon monoxide than the gases
evolved from the Elektrometall furnace, and will have a greater
value for heating oi)en-hcarth or other furnaces.

The Tinfos Furnace

A third furnace, known as the Tinfos, consists of a long
rectangular heating chamber with two chutes leading down
into it. The roof between these chutes is carried by two water-
cooled beams, which run the whole length of the furnace and
which are arranged just sufficiently far apart to permit of the
insertion of three rectangular electrodes. All these three
electrodes are connected to one pole of the supply current.
The corresponding electrode lies at the bottom of the furnace,
and is covered with a bed of rammed coke, which forms the
working bottom and has l)een found so Mr. St.'VNsfield says,
to last very well. Three of these furnaces, each consuming
1600 h.p. in single-phase current, are in operation in Norway.

Comparison of the Three Furnaces

In discussing these three types of furnace, Mr. Stansfield
remarks that since the Ti.nfos furnaces consume such a compara-
tively small amount of power and work under such different

conditions to the others no useful comparison can be drawn
between its and their efficiencies. But in comparing the Elek-
trometall and Helfen.stein types he points out that whereas
in the former difficulty is experienced when using very powdery
ores"owing to the charge in the shaft becoming too compact for

the pa&sage of the gases, this difficulty is far less serious in

furnaces of the Helfenstein type. Then, again, the Elektro-
metall furnaces all use charcoal as the reducing agent. At-
tempts to use coke have not been very successful. Less' diffi-

culty is experienced in burning coke in the Helfenstein fur-

nace, and coke is regularly used in the Tinfos furnaces.



GENERAL METALLURGY 623

All the ores smelted in Sweden are high in iron. A typical

ore is 60 per cent. Fe, 5 per cent. Si02, 1 per cent. P and traces

of sulphur. Charcoal and fluxes are used and phosphoric pig
iron is produced running about as follows: Si, 0.5—1.0 per cent.;

Mn, 1 per cent.; P, 2 per cent.; S, 0.01 per cent.; C, 3.6-3.8 per
cent. The manganese was provided by means of Bessemer
slag and phosphorus is supplied by apatite. The iron is con-
verted into steel by the basic Bessemer process.

At Domnarfvet each Elektronietall furnace requires per ton
of Bessemer iron from 60 per cent, ore 2245 kw. of electric

energy, 23.6 hectoliters of charcoal, 52 kg. of Bessemer slag,

30 kg. of apatite and about 7 kg. of electrode. According to

Dr. Staxsfield the cost of energy is about 0.16 cts. per kw.-hr.
At Hagfors, where the whole charge (including flux) averages

52 per cent. Fe, 2500 kw. of electric energy, 21 hectoliters of

charcoal, ISO kg. of limestone and 6 kg. of electrodes are re-

quired to produce 1 ton of acid open-hearth steel.

A three-furnace plant—Elektrometall—cost about S300,000
before the war, the furnaces being 3000-4000 h.p. capacity.
The output per furnace was from 20 to 30 tons.



624 METALLURGISTS AND CHEMISTS' HANDBOOK

Electric
Metal r

Conductance of Ore
Good conductor

-FORMING Materials!
I

Inferior or non-condurtor

Silver



SECTION XI

ORGANIC CHEMISTRY

The object of this section is to serve only as a reminder of
simplest formulas and properties of the more common organic
compounds. Carbon differs from the other elements, except
perhaps silicon, in its ability to form highly complex molecules,
carbon being linked to carbon, and also in the readiness with
which several of its valences will be satisfied by another carbon
atom. Thus, the structural formula of methane, marsh gas, is

H H H
I \ /

H-C-H; ethylene is C=C ; acetylene H-C =C-H.
I / \
H H H

H H
\ /
C-C

^ "^
The benzene ring is H —C C — H, and the double ben-

\ /
C=C

/ \
H H

H H
i /
C C

/ \ / \ /H
C C

zene ring, or naphthalene is H—

C

11 1 , CioHs.

C C C
/ \ / \ /- \

H C C H
I I

H H
H

1

A series, such as the marsh gas series, is methane, H —C — H;

H
H H H H H

ethane, H—C—C— H; propane, H—C—C—C — H. A series

40

H H H H H
625
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of such compounds is said to be homologous, and the compounds
are homologues. As will be seen, each of the above compounds
corresponds to the formula CnHj,, + 2 (paraffin series); the
olefines correspond (o CnHor.; the acetylene series to CnHon -2;
the benzene scries to CnH^n - e, etc.

Alcohols

In general the first step in the oxidation of a hydrocarbon is

the formation of a hydroxyl group replacing a hydrogen. These
products are the alcohols and are bases. Thus methane is

H H

H -C -H; and methyl alcohol is H -C -O -H.
I I

H H
Alcohols may be polybasic. Thus the common compound

glycerin in the simplest tri-basic alcohol and is formed ny the
introduction of a hj'droxyl into each group of a propane mole-

H H 11

'

H H H
III i I i

lie: H-C-C-C-H, propane, H-C-C-C-H.111'000
glycerin

.

H H H
H H H

In regard to this same compound, propane, it will be noticed
that while the compounds CH3CHOHCH3 and CH3CH2CH2-
OH are both alcohols of the same number of carbon, hydrogen,
and oxygen atoms, their structural formulas are unlike, and
their properties differ in some degree. Such compounds are

known as metameric. When the percentage composition i.s the

same they are isomeric, the latter including the former class.

In general it may be said that after leaving the simpler com-
pounds, a mere knowledge of the number of atoms of carbon,
hydrogen, oxygen, etc., in an organic compound is no guide
whatever to its properties.

Aldehydes

If the attempt be made to substitute a second hydroxyl in

the same carbon group in an alcohol, water will be split off.

H 0-H
\ /

Thus, with methyl alcohol the product is not C , but

H 0-H
H
\
C =0, or aldehyde. In general, any compound R — CHO

/
H'
will be an aldehyde with the characteristics of these compounds,
pleasant odor, great reducing power, etc.
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Acids

By further oxidation of an aldehj-de R — CHO and the con-

version of the last hj-drogen into a hydroxy! an acid is produced.

Thus, H — COOH is formic acid; CH3COOH is acetic acid.

Acids may contain two acid groups. Thus, if both carbon
groups in ethane be oxidized to —COOH we have oxalic acid

HOOC - COOH.
Acetones or Ketones

In general hydrocarbon groups connected b3' a =C0 group
are known as "ketones." The simplest of these are acetone,
H3C H

\ \
C =0, and formaldehvde C =0.

/
'

/
H,C H

Ethers

Just as alcohols are hvdroxides of the hvdrocarbons, ethers
CH3

/
are oxides. Thus, methvl ether is O ; ethvl ether (the

\
CH3

CHo-CHs
/

sulphuric ether of commerce) is O . There is no sul-

CH2CH3
phuric group in this, the name comes from the fact that sul-

phuric acid is used in its manufacture. It will be seen that the
formula of methyl ether fan oxide) is C2H6O, while the formula
of ethyl alcohol (a hydroxide) is also C2H6O, lending point to
the remarks above concerning empirical formulae and their
limitations.

Halogen Substitution Products

The hydrogen atoms of the hydrocarbons may readily be
directly replaced by the halogens. Thus H — C sClais the
well-known compound chloroform. Again pointing out that
even in the simplest compounds different structures may be

H H I H
II I i

present, I—C —C— I is not the same as I—C—C—H.II. II
H H H H

Substituted Ammonias
The well-known "amines" are ammonias in which one or

more hj'drogen atoms have been substituted by hydrocarbon
groups. Thus, ammonia is NH3; methyl-amin'e is CHjXHj;
dimethyl-amine is XH(CH3)2; ethyl-arnine is CH3CH2-XHj.
The compound HoX — NH; is known as hj'drazine. These are
all powerful bases. A .short table of the principal physical
properties of t^e common organic compounds is appended"
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A Table of Common:
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Organic Compounds

629

Alcohol

Melting
point,

Boiling
point,
"C.

Specific

gravity

-186

<-110

9,8:100
0.08:100

-152

-90

-27
1

37

69

-105

-48.5
-5
40

-84

0.415 at
-164"

0.600 at 0°

0.636 at 17'

0.675 at 17'

5.4

80
213

Gas

100:100

-22

17

132

43

80
112
140

218
251
165

Gas
7.2

66.7

78^4

97.3
117
137

96.6

290

294

183

. 739 at 0°

0.652 at 17'

0.88 at 15°

0.87 at 18°

0.86 at 18°

1.15 at 20°
1.147

0.86 at 20°

0.697
. 696 at i

0.796 at 20'

0.800 at 20'

0.805 at 20'

0.817at20'
0.81at20'

. 85 at 20°

1.26 at 20°

1.45 at 20°

1.06 at 20°

21 0.81at-21'
20.8 0.790 at 18'

Commonly known as marsh gas or fire

damp.
Easily formed by electrolyzing acetic

acid.

The properties are those of the normal
butane.

There are three pentanes theoretically
possible.

Five hexanes are theoretically possible.

Prepared by heating ethyl alcohol and
H2SO4 to 175°C.

Commercially prepared from calcium
carbide.

The constants are those of the ortho-
xylene.

The properties are those of terpene
derived from amber.

A stronger base than ammonia.

Wood alcohol. Usually prepared by
destructive distillation of wood.

Grain alcohol. Usually prepared by
fermentation of grain.

Found in small amount in fusel oil.

There are three butyl alcohols possible.
Found in fusel oil. Eight alcohols are

possible.
Formed by heating glycerin with

oxalic acid.
The simple tri-basic alcohol. Found

as an ester in tallow, palm oil, etc.

Prepared by the dry distillation of gal-
lic acid.

Usually known as carbolic acid, but
really an alcohol.

Formalin, formaldehyde.
A powerful reducing agent. Poly-

merizes readily to paraldehyde.
0.995at20°A powerful reducing agent. Forms

spontaneously from acetaldehyde.
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A Table of Common

Formula Structure

Solubility

Water,
20°C.

Acids
Formic acid.

Acetic acid.

Propionic acid.
Butyric acid. . .

Valeric acid . .

.

Caproic acid.

Caprylic acid.
Capric acid. . .

Palmitic acid

.

Stearic acid..

.

Benzoic acid.

.

Picric acid . . .

.

Oxalic acid . . .

Oxalic acid. . .

Lactic acid . . .

Succinic acid

.

Malic acid.. .

.

CH202

CiH40j

CsHeOi
CiHsOi
C5H10O1

CeHisOs

CsHuOs
C10H20O2
CisHajOi
CisHseOs
C7H6O2
CsHaOvNa
(COOH)2
(C00H)2-

2H2O
C3H6O3

C4H6OJ

GlycocolUc acid C2H4OJ

Citric acid CeHsO?

Tartaric acid

.

Tannic acid . ,

Oleic acid

.

Fulminic acid.
Gallic acid.. .

.

CiHeOj

C14H10O9

C18H34O

CNOH
C7H6OS

CH2I2

CHCU
CHBra
CHI3

Chloral C2HOCI3

Halogen Compounds
Di-iodo-methane . . . .

Chloroform.
Bromoform.
Iodoform..

.

HCOOH
CH3COOH

Ct-Hs-cooir
CjIItCOOH
CjHgCOOH

C6H11COOH

CiHis-COOH
C9H19COOH
C1SH31COOH
C:7H36COOH
CeHsCOOH
C«H20H(N02)j
HOOC-COOH
(HO)3^C-CEE(OH)3

^^'"^^CcOOH
(CH2-COOH)-

(CH2COOH)
(CHOH-COOH)-

(CH2COOH)
CH2OHCOOH
(CH2-COO 11)2

-

*^\COOH + "=*^

CHOH-COOH
CHOH-COOH

22.6

0.29:100
1.1:100
8.8:100
12.4:100

0.03:100

180:100

Carbon tetrachloride
Miscellaneous
Methyl ether
Sulphuric ether

Acetone
Allyl acetate.

Amyl acetate.
Cane sugar . .

.

Glucose
Starch
Anilin
Cellulose

ecu

C2H.O
C4H10O

C3H.O
CsHsOj

C3H14O2
C|2H220lI
CcHi20«
(CeHioOe),
C6H7N
(CsHioOs),

C8Hl7^^~^\(CH2)
COOH

C = N-O-H
C6H2(OH)3-COOH +

H2O

Substitution product

Substitution product.
Substitution product.
Substitution product.

CCL3CHO

Substitution product. . . .

CH3-O-CH3
CH3-CH2-O-CH2-

CHs
CHaCOCHs
CH2 = CHCH200C-

CHi
CsHii-CH2C00H

1.1:100

0.71:100

o.oi-ioo

See note

0.08:100

CH20H(CHOH)4CHO
Very complex molecule.
C»H6NH2
Very complex molecule.

6.95:100

0.2:100
v.s.

v.s.

3.4:100
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Organic Compounds

Melting
point,
°C.

Boiling
point,

Specific
gravity

8.6

16.5

-23

-18

-1.5

16.5
31
62

69.2
121.4

100.6

113

140.9
162.5

186

205

236
270

>270
>290
249

.996 at 0°

.961 at 0°

.942 at 0°

929 at 0°

So called as it may be distilled from
ants. A strong acid.

Produced by the oxidation of alcohol,
or the distillation of wood.

Found in butter as the glycerol ester.

I

Found in valerian root. There are
four of these alcohols possible.

jAll these acids have the normal struc-
I ture.

Found as the glycerol ester in palm oil.

Found as the glycerol ester in tallow.
Can be sublimed from gum benzoin.

101.5 2 . 00 at 9° iThe strongest organic acid.
,1 .63 at 9°

Decomp. Decomp [1 .24 at 15°

133
I

150 il.53at9''
Decomp.

120 1.56 at 4°

Decomp.'
Decomp. 1.20 at 10°

175
I

Decomp. 1 .55

80

1.53

168

14

Decomp.
220

-70
7.6
119

Produced by fermentation of mills.

.Found in amber.

i

Found in apples, cherries, etc.

Found in green grapes and in beets.

Found in lemons.

1.76 at 7° Found in grapes.

.Slat 19°

180 3.32 at 19°

61.2 1.49at20°
151

I

2.9 at 15°
2.0-3.0

98 1.54at0°



SECTION XII

FIRST AID

INSTRUCTIONS FOR FIRST-AID TREATMENT^

Wounds that Bleed—Abrasions, Cuts, Punctures.—Drop 3

per cent, alcoholic iodine into wound freely; then apply dry
sterile gauze to wound and bandage it. Do not otherwise

cleanse wound.
Severe Bleeding.—Place patient at rest and elevate injured

part. Apply sterile gauze pad large enough to allow pressure

upon, above and below wound. Bandage tightly.

If severe bleeding continues apply tourniquet between wound
and heart and secure doctor's services at once. Use tourniquet
with caution and only after other means have failed to stop

bleeding.
Nose Bleeding.—Maintain patient in upright position with

arms elevated. Have him breathe gently through mouth and
not blow nose. If bleeding continues freeh^, press finger firmly

on patient's upper lip close to nose or have him snuff diluted

white wine vinegar into nose.

Injuries which do not Bleed—Bruises and Sprains.

—

Cover injury with several layers of sterile gauze or cotton,

then bandage tightly. Application of heat or cold may help,

other means are unnecessary. If injury is severe place patient

at rest and elevate injured part until doctor's services are

secured.

Bromine Bums.—Wash with one volume 25 per cent, am-
monia, one volume turpentine, ten volumes 96 per cent, alcohol.

Bromine or Chlorine Fumes.—Inhale the vapor from a mix-
ture of turpentine and etliyl alcohol and summon a physii'ian.

Eye Injuries.—P'or ordinary eye irritations flood eye with
4 per rent, boric acid solution. Remove only loose particles

which can bo brushed off gently with absorbent cotton wrapped
around end of toothpick or match.
Do not remove foreign bodies stuck in the eye. In that case

and for other eye injuries, drop castor oil freely into eye, apply
sterile gauze, bandage loosely and go to doctor.

For oils in the eyes wash with .5 per cent, ethyl alcohol; for

alkalis, with 3 per cent, boric acid or 1 per cent, acetic acid;

for acids, with 3 per cent, sodium bicarbonate solution, The.se

solutions should be kept on hand.
' From a Bulletin of the Conforence Board on Safety and Sanitation CNa-

tional .\ffiliated Safety Organizations; M. W. .\lexander, Secretary, West
Lynn, Mass.). Copyright, 1914. Reprinted from Engineering News.

632
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For electric flash keep the victim's eyes closed and apply a
compress of boracic acid solution (1 teaspoonful to a cup of

water) . Keep eyes closed and the compress on until a physician
arrives.

Fire, Electrical and Sun Bums.—Do not open bhsters. Use
burn ointment (3 per cent, bicarbonate of soda in petrolatum)
freely on sterile gauze applied directlj^ to burn. Cover with
several thicknesses of flannel or soft material, then bandage but
not tightly. A 0.5 per cent, solution of picric acid is very good
and if neither this nor the soda is available, a paste of flour in

water. Lacking this, use a heavy oil, such a machine or trans-
former oil. On a dry charred burn use only a dry dressing.

Acid Bums.—Thoroughly flush wound with water, then dry
wound, apph' burn ointment and bandage as above. An
alternative treatment is to wash with a mixture of seven parts
glycerol, one part water and two parts ammonia and then to

smear with a salve of ten parts vaseline, one and one-half parts
paraffin oil and two parts magnesia.

Alkali Burns.—Thoroughly flush wound with water, then
flood with white wine -vanegar to neutralize (dilute vinegar for

alkaline eye bums), dry wound, apply burn ointment and
bandage as above. Another mixture for washing alkali burns
is six parts glycerol, three parts water and one part 80 per cent,

acetic acid.

Asphyxiation or Electric Shock.—See page 588.

Chills and Cramps.—Give patient 20 to 30 drops of Jamaica
ginger in hot or cold water. If no improvement, send for doctor.

Cinders in the Eye.—Roll soft paper up hke a lamp lighter

and wet the tip to remove, or use a medicine dropper to draw
it out. Beware of infecting the eye with a dirty handkerchief
corner or similar material. Rub the other eye.

Dislocations.—In case of dislocation of finger except second
joint of thumb, grasp finger firmly and pull it gently to replace
joint, then place finger in sphnt and bandage. In other cases
rest dislocated part and secure doctor.

Fainting.—Place flat on back; allow fresh air, and sprinkle
with water.

Fractures.—Make patient comfortable and secure doctor's
services at once. Avoid unnecessary handling to prevent sharp
edges of broken bones tearing artery. If patient must be
moved, place broken limb in as comfortable position as possible
and secure it by splint.

Frost Bites.—Rub with ice, snow or cold water, then treat
as "fire burns."
Heat Prostration.—Give patient teaspoonful of aromatic

spirit of ammonia in hot or cold water. In case body feels

warm applj- cold to it; if necessary give cold bath. In case
body feels cold and clammy, apply heat to it and send for doctor.

Internal Poisoning.—Immediately secure doctor's services.

Make patient drink large quantities of water, preferably warm,
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and make him vomit by sticking one's finger down his throat or
by other means. See "Antidotes," below.

Lightning.—Dash cold water over a person struck. See also

p. .587.

Mad Dog Bite.—If a person is bitten by a dog that has
rabies the only reasonable course is to be treated at a Pasteur
Institute as soon thereafter as possible. Sucking the wound or
cauterization will give a physically clean wound, but is of no
avail against the vims of rabies.

Scalds.—Cover with cooking soda and lay wet cloths over
it. Whites of eggs and olive oil. Olive or linseed oil, plain, or
mixed with chalk and whiting. See also " Burns," p. 584.

Snake Bite.—Tie cord tight above wound. Open the wound
with a knife and suck out the blood at once. A dressing of

potassium permangate may be applied to the wound. Alcohol
is useless. Usually a doctor must first treat a case of alcoholism
when called in to treat a snake bite.

Shock, Following Injury.—In case shock is due to severe
bleeding, control it first as directed under "severe bleeding"
and summon a doctor.
Lay patient flat on back and keep him warm with blankets,

hot-water bottles, etc., and pro\'ide plenty of fresh air. Let
patient inhale fumes of aromatic spirit of ammonia. If fully

conscious give patient hot drink or teaspoonful of aromatic
ammonia in hot or cold water.

Sunstroke.—Loosen clothing. Get patient into shade, and
apply ice-cold water to head.
Venomous Insect Stings, Etc.—Apply weak ammonia, oil,

salt water, or iodine.

ANTIDOTES FOR POISONS
First.—Send for a physician.

Second.—Induce vomiting by tickling throat with feather or
finger, drinking hot water or strong mustard and water.

Swallow sweet oil or whites of eggs.

Acids are antidotes for alkalies, and nee versa.

Special Poisons and Antidotes

Acids.—Muriatic, oxalic,

acetic, sulphuric (oil of

vitriol), nitric (aqua
fortis).

Prussic Acid.

CarbolicAcid.

Alkalies.—Potash, lye,

hartshorn, ammonia.
Arsenic.—Rat poison,

Paris green.

Soap-suds, magnesia, lime-water.

Ammonia in water. Dash water in

face.

Flour and water, mucilaginous
drinks. Not a true acid, so

alkalis are useless.

Vinegar or lemon juice in water.

Milk, raw eggs, sweet oil, lime-

water, flour and water.
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Bug Poison.—^Lead, salt- f

peter, corrosive subli- I "VMiites of eggs, or milk in large

mate, sugar of lead,
i

doses.

blue vitriol.
1,

Chloroform.—Chloral f Dash cold water on head and chest.

ether. \ Artificial respiration.

Carbonate of Soda.- f

g 3^^^ ^^^ mucilaginous drinks.
Copperas, cobalt. I

Iodine.—Antimony, tar- / Starch and water, astringent infu-

tar emetic. \ sions. Strong tea.

Mercury and its salts. Whites of eggs, milk, mucilages.

Opium.—Morphine, f

laudanum, paregoric, I Strong coffee, hot bath. Keep
soothing powders or ) awake and moving at an^' cost.

syrups. [

CYANIDE POISONING
It is recommended that boxes labeled ''Antidotes for Cya-

nide," with directions for use affixed to the lids of the boxes,
should be kept in prominent and easily accessible parts of the
cyanide plants. Each box should contain: a spoon and a
metal receptacle to hold about 1 pt.; one blue hermetically
sealed vial containing 30 cc. of 33 per cent, solution of ferrous
sulphate; a white vial containing 30 cc. of 5 per cent, caustic-
potash solution; and one package, 30 grains, of oxide of magne-
sium (light). The directions for the use of the antidote should
be as follows

:

Preparation of Antidote.—Quickly empty the contents of the
blue ^'ial, of the white vial, and of the magnesia package into

the metal receptacle, and stir well with the spoon. This should
be done as rapidly as possible, as the patient's chance of life

depends on promptness.
Administration of the Antidote.—If the patient is conscious,

make him swallow the mixture at once and lie down for a few
minutes. If the patient is not conscious, place him on his back
and pour the mixture down his throat in small quantities, if

necessary pinching his nose in order to make him swallow.
Incite Vomiting.—.After the antidote has been given, try to

make the patient vomit by tickling the back of the throat with
a feather or with the fingers, or giving a tumblerful of warm
water and mustard.

Then call the undertaker.
For cyanide eczema use equal parts by weight of calomel and

bismuth subnitrate and apply locally. It will give immediate
relief and will dry up the sores in 2 or 3 days.

Other prescriptions are as follows:

Add 3 oz. of camphor to 1 pt. of olive oil and dissolve by slow
heat. This mixture occasions some pain when first applied
but will soon afford relief.
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In mild cases the following will be beneficial : zinc oxide ],^ oz.,

zinc carbonate 30 grains, glycerin ^^ oz., lime water to make
>^ pt.

For sores which do not heal use: pure lard 5 oz., olive oil

5 oz., white wax 23-2 oz., spermaceti 2^^ oz., powdered gum
benzoin 12 oz.

For selenium poisoning under the fingernails, brush the ends
of the fingers with 5 per cent, cocaine solution.

FIRST AID FOR GAS ASPHYXIATION OR ELECTRIC
SHOCK

In line with its campaign to reduce the number of deaths
in the mines of the United States, the Federal Bureau of Mines
some time ago appointed a committee of eminent physicians
and surgeons to develop an efficient method of resuscitation to
be administered by miners or other persons to a fellow-workman
overcome by electric shock or by gases in places which cannot
be reached by a physician or surgeon in time to save life.

As a result of this committee's report the Bureau recommends
the following procedure in rendering first aid to those in need of •

artificial respiration.

The recommendations apply not only to men who are over-
come by electric shock or gases in mines, but also to persons
suffering from the effects of illuminating-gas poisoning or from
electric shock anywhere. The recommendations are, therefore,

of importance to manj' thousands of workmen:
In case of gas poisoning, remove victim at once from the

gaseous atmosphere. Carry him quickly to fresh air and im-
mediately give manual artificial respiration. Do not •'jtop to
loosen clothing. Every moment of delay is serious.

In case of electric shock, break electric current instantly.

Free the patient from the current with a single quick motion,
using any dry non-conductor, such as a newspaper, clothing,

rope, or board, to move patient or wire. Beware of using any
metal or moist material. Meantime have every effort made
to shut off current.

Attend instantly to the victim's breathing. If the victim is

not breathing, he should be given manual artificial respiration

at once. If the patient is breathing slowly and regularly do
not give artificial respiration, but let nature restore breathing
unaided.

If patient is unconscious, even if he appears dead, lay him
on his belly with arms extended forward, turn his face to one
side, remove false teeth, tobacco, etc., from his mouth and draw
his tongue forward. This is important, the tongue must be
brought forward and held forward.

Kneel, straddUng patient's thighs, facing his head, and resting

your hands on his lowest ribs. Swing forward and gradually

bring weight of your body upon your hands and thus upon
patient's back, then immediately remove pressure by swinging
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backward. Repeat this movement about twelve times per
minute without interruption for hours if necessary, until

breathing has been started and maintained (see illustrations).

One's own rate of breathing may be used as a guide to the ra-

pidity of this movement. Artificial respiration should be a trifle

slower rather than faster than natural breathing. If natural
respiration stops after having once been started, begin again
with artificial respiration instantly.

Inspiration; pressure off.

Expiration; pressure on.

In gas cases, give oxygen. If the patient has been a victim of

gas, give him pure oxygen, with manual artificial respiration.

The oxygen may be given through a breathing bag from a
cylinder having a reducing valve, with connecting tubes and
face mask, and with an inspiratory and an expiratory valve,
of which the latter communicates directly with the atmosphere.
No mechanical artificial resuscitating device should be used

unless one operated bj^ hand that has no suction effect on the
lungs. Use the Schaefer or prone pressure method of artificial

respiration. Begin at once. A moment's delay is serious.

Continue the artificial respiration. If necessary, continue 2
hours or longer without interruption until natural breathing is

restored. If natural breathing stops after being restored, use
artificial respiration again.
Do not give the patient any liquid until he is fully conscious.

Give him fresh air, but keep his body warm. Send for the
nearest doctor as soon as accident is discovered, advising him
what has happened so that he will come prepared. If available,
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and one has been properly instructed in its use, a hypodermic
injection of strychnin or ainyl nitrite is good, but these should
never be givcMi by anyone untrained in tiieir application.

Nitrous Acid Poisoning.— It seems certain that lirief exposure
to small quantities of nitrous fumes is sufficient to product;
serious and fatal poisoning. Air containing enough nitrous
fumes to cause a feeling or irritation in the nose or air passages
is certainly very dangerous.

The symptoms of poisoning are characteristic, according to
Dr. L. G. Irvine {Med. Journal of South Africa, Sept., 1915).

At the moment of exposure they are slight. There is a .sense

of irritation in the no-se and throat, and of constriction, and
perhaps of pain, in tlie chest. There is headache, smarting of

the eyes anil coughing. The latter is a characteristic sign.

But these immediate irritant effects may not be severe, and
conimoidy pass off altogether in a short time. The man may
feel quite well and may continue to work. He leaves the mine,
has his supper perhaps, and goes to his room. Then, in from
perhaps four to eight hours afterwards (very rarely later), acute
symptoms suddeidy come on, and progress with alarming
rapidity. In a typical severe case there is marked and increas-

ing distress in breathing, with coughing, and often severe pain
in the chest. The cough is at first dry, and auscult.ation may
at this stage reveal no moist sounds. But this condition is

speedily followed by the expectoration of a copious frothy
rather fluid blood-stained spit. The lungs become waterlogged,
and auscultation now reveals copious moist sounds. There is

cyanosis and marked dyspnoea and distress, followed, unless the
case is promptly treated, and very often in spite of all treatment,
by collapse, unconsciousness, and death wilhin a few hours.

The typical sequence of symptoms in nitrous fiunes poisoning
is therefore this: (1) Initial stjmpfoms of irritation occurring at

the moment of exposure and usually comparatively slight.

Nitrous fumes never, in our experience of ordinary gassing
accidents, produce partial or complete unconsciousness at the
time of expo.sure, as does carbon monoxide, although they may
do so if present in massive amounts, and cases of rapid death
from the concentrated fumes of burning explosives may be
partly due to this cause. (2) A latent period of several hours
duration, during which the patient may, and commonlj' does,

feel quite well. (3) The sudden onset after that interval of acute

symptoms, due to a rapidly progressive inflammatory oedema of

the lungs. The appearance of this well-marked symptom-
sequence is of great diagnostic significance.

The post-mortem signs are also definite. There is an intense

injection of the trachea and bronchi, which is characteristic.

The lungs are intensely ccdematous, often enlarged and tense

with oedema. A copious frothy blood-stained fluid exudes from
them on section, and may be seen to occupy the air passages.

There may be patches of incomplete consolidation, sub-pleural

haemorrhages may be observed, and blood-stained fluid in the
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pleural cavities or the pericardium. The right heart and the
great thoracic and abdominal veins are engorged with dark,
thick, sometimes almost tarry, blood. The abdominal veins
especially are often very greatly distended.
From what is said, it seems probable that a number of the

deaths of workers in powder plants ascribed to pneumonia are
reallj' due to nitrous- and nitric-fume poisoning and greater
care in avoiding these gases should be exercised than is ordi-
naril}' used.
Where it is believed that dangerous exposure to nitrous acid

fumes has occurred, an emetic seems advisable, copper or zinc
sulphate being commonly employed, following this by a dose
of sal-volatile. A hypodermic of apomorphin may be given to
produce the same effect, but this should be given by a phj^sician
and either preceded or followed by an injection of strychnin or
pituitrin.
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Acetylene, action of, on metals. 214
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tion 498
Acids, action of, on metals 214
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position of 498

U. S. br»nze 499
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Air available for flotation 409
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solubility of, in water 215
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Akerman's table of total heat in
slags 547
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Alumina in slags 528, 539
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Aluminum, determination of . . 347
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gravimetric factors 338
impurities in 514
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production statistics. . . . 57, 58
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Alundum, properties of 442
Amalgamating pan 355
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Ammonia, determination of. . .

.

353
generation of 184
gravimetric factors 343
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Anaconda zinc process 591
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Annealed copper standard 165
.\nnealing, for chains 468
.\nnuities, formulas for 18

tables 20
Anode potentials 314
Anodes, analyses 583
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fined 581

insoluble-anode materials, 584
slime analyses 584
tanks 582

Anthracite, analyses of 431
commercial, sizes of 434

Antidotes, cyanide 635
general 634
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of 498

Antimonides, heat of formation, 297
specific heats of 207

Antimony, alloys of 499-502
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detection of 270
determination of 351
electrolytic production of. 587
g^a^^Inet^ic factors 338
impurities in 515
prices, average 55
properties 256
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weight, table of. 8
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Arches, construction of 457
firebrick in 440
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Areas, formulas for 25

of polygons 26
Argental, composition of 502
Argentan, see "Berlin Argentan."
Argon, generation of 185

641
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Arson, properties 256
Arsenic, properties of '.

. . 257
Arsenides, heat of formation . . . 297

specific heats of 207
Arsine, generation of 185
Asbestos, properties of 442
Ashberry metal, composition of, 498
Asphyxiation, first aid in 036
Assay fluxes. 323

ton, definition of 7
Atom, structure of 239, 249
Atomic numbers 242, 243

weights 254
Alter metal, composition of . . . . 502
Augustin process, description. . 493
Austenite, definition of 261
Avogadro's law 239

B

Babbit, composition of 498
Bag-house data 600
Balance sheet, iron furnace. . . . 615

steel converter 613, 614
Ball mill 355, 357
Ball-Norton magnetic separator 385
Balling's slag tables 539-542
Barium, detection of 271

determination of 345. 340
gravimetric factors 338
properties 257
in slags 528, 532

Barometer, altitude effect 112
correction for capillarity. . Ill

for gravity 112
corrections for temperature 110

Bartlett table 3S.5

Bases, qualitative analysis for. . 281
Batteries, e.m.f. of 112
Baurn6, conversion to specific

gravity 113, 430
Bauxite, analyses of 587

properties of 443
Bearing metals, composition of. 498
Bell metal, composition of 498
Belt conveyor, capacity 458
Berlin argentan, composition of, 498
Beryllium, detection of 273

electrolytic production of . . 587
properties 257

Bessemer process, description of 493
Betts process, description 493
Bilharz table 385
Bismuth, alloys of 498, 502

detection of 271
electrolytic deposition of. . 587
gravimetric factors 338
impurities in 515
properties 257

Bisulphatcs, heat of formation, 301
Bituminous coal, analyses of. . . 431
Blaisdell machinery 389
Blake crusher 355

crushing with 358
largest 365

Blanket-table data 401
Blast furnaces, balance sheet,

iron furnace 61.5

copper smelting 549
gases, analyses of 552

Blast furnaces, iron-furnace
practice 609

jacket water required 552
lead furnaces 568
thermochemistry of 612
typical operating data, 551, 611

slags 525
Bleeding, treatment of 632
Blende, effect on blast furnace, 528
Blowing machinery, for copper-

smclf ing 550
general notes 490
testing 491

Blue powder analyses 570
Blue vitriol anal.vses, typical. .

.

583
Boiling points, ammonia 132

carbon dioxide 132
of elements 254
of metals 131, 132
of nitric acid 133
of non-metals 132
organic bodies 140, 629
of salts 216-233
sulphur dioxide 132
water 132, 133, 134

Bomb calorimeter, standards
for 307

Bombs, incendiary 192
Bond interest formula 23
Borates, heat of formation 297

specific heats of 205
Boron, detection of 286

gravimetric factors :'. '^

properties :.'
'

.

Boss process, description 4'.'<

Bottone's scale of hardness. . . . 190
Boyle's law '. 75
Bradley process 605
Brass, composition of 498

electroplating bath 310
loss of zinc in melting 593
solder for 498

Brick, melting points 447
for cement kilns 449
for gas retorts 449
shapes of 439

Bricklaying, hints on 441
Brinnell, hardness numbers. . . . 199

tests 197
Briquetting, general notes 608
Briquetting processes 608
Britannia, composition of 498
British Columbia Copper Co.,

costs of smelting at. .

.

551
smelting operations 551

British thermal unit, definition
of 3

Brittleness of metals 193
Bromides, heat of formation. .

.

298
specific heats of 206

Bromine, generation of 185
gravimetric factors 338
properties 258

Bronzes, composition of .. . 498,499
J$rown tank, description 390

power data 428
Bruises, treatment of 632
Bryan mill 355
Buddie, Dodds 386
Building, general notes on, 480-487
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Bulk modulus 194
Bull dog, properties of 442
Bullion-mould sizes 607
Bumping table 386
Bunker Hill screen 390
Burns, treatment of 633
Burt filter 390
Butters filter 390

C

Cadmium, detection of 271
electrolytic production of. . 5S7
flue dusts, composition. . .

.

573
gravimetric factors 339
properties 258

Caesium, detection of 271
gravimetric factors 339
properties 258

Calcium, detection of 271
determination of 345
electrolytic production of.

.

587
gravimetric factors 339
properties 258

Calculus, elementary formulas. 50
Callow cone 390

screen 390
tank . 390

Calorie, definition of 4
Calorific power, liquid fuels, 429-430
Calorimeter, standards for 307
Calorized metal, see " Insulumi-

num."
Camelia metal, composition of. 498
Canvas table, description. . 386, 387

general data 401
Capacity, measures of S, 9

of tanks 422
Capillarity, barometric correc-

tion for Ill
Capillary constants of metals.

.

145
Carbides, composition of metal-

lic 618
heat of formation 298
iron 261

Carbon brick, laying 443
Carbon dioxide, determination

.

287
generation of 185
gravimetric factors 339

Carbon monoxide, generation of 185
Carbonates, decomposition

temperatures 306
heat of formation 299
specific heats of 205

Card concentrator 386
Carkeek's slope tables for laun-

ders 402
Carnotite ore treatment 592
Carpentrywork, cost of 486
Carpet-table data 401
Cast projectiles 508
Castings, shrinkage of 610
Cathode potentials 314
Cattermole flotation process. . . 406
Caustic potash, resistivity of

solutions 162
specific gravity of solutions 127

Caustic soda, specific gravity of
solutions 127

Cement compositions 492
Cement kilns, brick for 449
Cementite, definition of 261
Centigrade, temperature scale. . 3
Cerium, alloys of 502

detection of 272
electrolytic production of. . 587
properties 258

C. G. S. units 10
Chains, annealing 468

safe loads for 467
Charcoal, analyses of 611
Charges, crucible, for assays. . . 326
Chilean mill, description of. . . . 356

crushing in 374
Chimneys 603
Chinese bronze, composition of, 499
Chlorides, heat of, formation of, 300

specific heat of 203
Chlorine, determination of 3.52

generation of 185
gravimetric factors 339
properties 259

Chromates, specific heat of. . . . 205
Chromax bronze 502
Chrome brick, properties of . . . 443
Chromium, allovs of 498, .502

detection of 272
determination of 347
electrolytic production of. . 587
ferrochrome manufacture. 619
gravimetric factors 339
properties 2.59

Circles, firebrick in 440
Circular measure 9
Classifiers 389-392
Cleaning metals by electrolj'sis, 317
Clevenger's formulas for palp

constants 420
Coagulants, slime 421
Coal, analyses of. 431, 434

commercial sizes 434
grate area 437, 438
production of U. S 57
sampling. 331

Coal-dust firing in reverbera-
tories 557

Coal-tar distillation products. . 436
Cobalt, alloys of 502

detection of 272
determination of 349
electroplating bath 311
gra\'imetric factors 339
properties 259
smelting 576

Coefficient of elasticity 489
of Unear expansion 195
of rigidity 194

Coercivity, definition 234
Coke, production, U. S 57

sampling 331
Coinage allovs, composition of,

498, 499
standards 16

Coins, value of 15
Color scales for temperature. . . 453
Columbium, detection of 272
Combination, heats of 291-304
Combustion, efficiency of, in •

engines 438



644 INDEX

Combustion, limits of 437
oxygen required for 432
temperatures 432

Compounds, chemical and com-
mon names of 320

Compressor formulas 474—480
Concentration, machinery used

in : SSr.
specific Kravities, minerals, 181

Concentrator, canvas table data, 401
power requirements. . 393, 304
vanner data .398-400
water requirements. . . 395-397

Concrete, costs of 480
Condensation of dust and fume, 59S
Conductivity, electric, of alloys 1.57

annealed copper stand-
ard lf).5

copper-wire table. . . 167, IGS
of electrolytes 161
at high temperature 1.58

of metallic oxides 164
of metals 156, 157
of molten metals 1.59

of ore-forming materials. . . 624
of o.xides 164

relation to heat conduc-
tivity. 1.56

wires, miscellaneous. 168, 169
Conductivity, heat, general

tables 146, 148
of refractories 455-457
relation to electric 156

Cones, Seger 450
Conkling magnetic separator. . 386
Conservation of energy, law of, 239

of matter, law of 239
Constantan, composition of. . . . 499

resistance of 168
Construction, general notes on,

480-487
Consumption statistics of alu-

minum 58
of copper 63
of iron ore 69
of lead 59, 60
of tin 70, 71
of zinc 71

Converters, sizes of 562
Converting, at B. C. smeltery. . 562

description 493
at Great Falls 561
iron-converting data. . 610, 614
temperatures of .547

Conveyer capacity 458
Cooling mixtures 144
Copper, alloys of 498-.502

annealed copper standard, 165
blast furnaces 549
casting copper analysis. . . . 583
consumption statistics. ... 63
converting .561

cupola refining 579
detection 272
determination of 350
electric smelting .560

electrolytic refining, see
"Electrolytic Refining."

" electroplating bath 310
fusing currents for 168

Copper, gravimetric factors . . . 339
impurities in 514, 515
leaching 604
losses in slag 558
prices, average 53
production statistics. ... 57, 64
projjerties 2.59
refining capacity 74
reverberatory refining 579
sheet prices 54
smelting capacity of the

U. S 72
wire prices .54

wire resistances 167
works construction cost. . . 481

Corning table 385
Corrosiron 502
Cosines, table of 44
Costs of metallurgical construc-

tion 481
Cotangents, table of 46
Cottrell process. 599
Cowper-Cowles iron-refining

process 592
Crilley flotation patent 406
Critical pressures of gases 183
Critical temperatures, of gases, 183

of metals 236
Cross sills, size of 381
Crosses (pipe fittings) 463-466
Crowder flotation patent 406
Crucible charges for assa>-8. . . . 326
Crucibles, graphite 330

highly refractory 329
Crushed stone, voids in 364
Crushing, Chile mill 374

description of types of ma-
chinery 355

general notes on 355
gvratories 375
Hardinge mill 376
slow-speed Chilean 374
stampmilling 378
tubemilling 372-373

Cryohydratcs 144
Crystolon, properties of 444
Cube roots, table of 32
Cubes, table of .32

Cupel absorption 327
Cupellation 327-329
Cupola, copper, elimination of

impurities 579
iron, charges for 616

Cupromagnesium, composition
of .. 499

Current losses, copper refining. 580
Curvature of wire ropes over

pulleys 471
Cyanates,' heat of formation of, 294
Cyanidation, Dorr thickener

data 426
general notes 419-428
machinery for 389
pulp constants 419
slime coagulants 421
specific gravity of solutions 421 .

tank capacities 422
Cyanide eczema, cure 635

heat of formation of 294
plant, cost of 481-483
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Cyanide eczema, poisoning,
antidotes 635

precipitation 606
Cyanogen, pravimetric factors, 340

generation of 185

D
Dalton's law 239
Darcet's metal, composition of. 499
De Bavay flotation process. . . . 408
Decomposition temperatures of

carbonates 306
of sulphates 304
of sulphides 306

Decomposition voltages 315
Definite proportions, law of. . . . 239
Dehne filter press 390
Dehydration temperatures of

sulphates 302
Deister table 386
Delta metal, composition of. . . 499
Density of alkaline solutions. . . 127

ammonia 126
Baum6 113
gangues 181
gases 182
hydrochloric acid 122
hydrofluosilicic acid 127
liquids (general) 171
mercury 176
minerals 178
nitric acid 123
ores 177
refractories 455
saline solutions 128-131
solids 171
sulphuric acid 114
temperature correction. ... 119
units of 171
water, various tempera-

tures 175-176
Deposition by immersion 317

(See also Electroplating.)
Depreciation, formulas for.. 18,25

tables . 20
Desulphatization, temperature

of 304, 571
Dew point 76
Dewrance metal, composition of 499
Diehl process, description of . . . 493
Dielectrics, resistivity of. . 160, 161
Differential calculus 50
Diffusion of gases, law of 239
Diffusivity of heat 454
Djlution, heats of 307
Dinas brick, properties of 444
Ding's magnetic separator 386
Disintegration, chart for radio-

elements 247
Disk crusher 358

crushing with 367
Dissociation temperatures of

compounds .524

tensions for sulphates 304
Distillation products of coal tar, 436
Dodds buddle 386
Dodge'crusher 356

pulverizer 356
Dolomite, properties of 444

Dorr agitator 390
classifier 391
thickener data 426

Dotsch process 604
Drop of stamps 378
Dry measure, tables 8, 9
Ductility of metals 193
Dulong and Petit, law of 239
Dumoulin process, description

of 493
Duquesne blast-furnace practice 611
Duralumin, composition of . . . . 499
Duriron, composition of. . . 499, 506

insoluble anodes from 584
Dust condensation 598

Thiessen washer 617
Dwight-Lloyd roaster, work of, 517

E

Eczema, cyanide, cures for. . . .
'635

Edge runner 356
Elastic constants of solids, 194, 489
Elbows, standards for 461-466
Electric shock, first aid in 636
Electric smelting, of copper. . . . 560

of iron , . . . 618, 620
of tin 575
of zinc 573

Electrical units, C. G. S 10, 11
practical 11, 12, 77

Electrochemical equivalents,
254, 255

series of the elements 315
Electrolysis, cleaning metals by, 317

decomposition voltages. . . 309
etching by 335
oxidation by 313
precipitation by 354

Electrolytes, analyses of copper,
583, 581

density of saline 128, 131
resistance of 102-164
specific gravity of saline,

128-131
starting-sheet 581

Electrolytic refining, aluminum, 586
antimony 587
beryllium 587
bismuth 587
cadmium 587
calcium 587
cerium 587
chromium 587
converter anodes 581
copper 580-585, 588
current losses 580
elimination of impurities, 582
flow sheet, copper 580
gold 588
insoluble-anode tanks. . . 582
iron 311, 588, 592
lead 586, 589
lithium 589
magnesium 589
potassium 589
silver 589
sodium 590
starting-sheet electrolyte 581
strontium 590
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Electrolytic refining, tin 590
uranium 590
zinc 590

ElcctroinaKnetic separation, 2,36, 2,37

Electromotive force, of batteries 112
of metiils in solution. . . . 31(5

of thermoelectric couples 171
Electron, properties of 245
Electroplatine baths 310-.J13
Electrostatic fume precipitation 599

separation 105, 387
units 10-12,77

Elektrometall furnace 620
Elements, atomic weight 2.54

boiling points 254
electrochemical equiva-

lents 254, 255
melting points 254
periodic table 242, 243
specific heats 202
symbols 254
valence 254

Elianite 502
Elmore flotation process. . . 407, 408
Eisner's equation 428
Emissivity of heat 454
End-bump tables 380
Energy, units of 12
Erbium, detection of 273
Esporanza classifier 391
Etching, reagents for 333
Ethane, generation of 185
Ethers, definition 027
Ethylene, generation of 185
Eureka, wire resistance 108
Evaporation, latent heat of . . . . 109
Evaporative power, liquid fuels 429
Everson flotation patent 400
Expansion, coefficients of. . 195-197
Eye injuries, treatment of 632

F
Factors, gravimetric 338
Fahrenheit temperature scale. . 3
Failure of metals 192
Faradav scale of permeability. 236
Ferraris table 386
Ferrite, definition of 201
Ferro-alloys 502, 503, 504
Ferrochronie manufacture 019
Fcrrocyanides, heat of forma-

tion of 295
Ferromanganese production,

U.S 57
Fettling, reverberatory practice 553
Fibrox, properties of 444
Film-sizing tables 387
Filter press 300, 391
Filters 391,392
Firebrick, circles turned with . . 440

melting points 447
shapes of 439
in walls of given size 441

Fireclay, analyses 443
heat conductivity 444
properties of 443
(See also Refractories.)

First aid, accidents 632
asphyxiation 636
cyanide poisoning 635

First aid, electric shock 036
poisoning 634, 035
selenium poisoning 03(5

Flames, residual atmosphere
from 437

Flanges, standards for. . . . 401-400
Flotation..... . 405-418
Flow of gas in pipes 473

of heat 152, 154
of water in pipes 472

Flue dust, anode reverberatory,
analyses 583

copper refinery, analyses 583
wire-bar reverberatory,

analyses 583
Fluorides, heat of formation.. . 297

specific heats of 206
Fluormc, gravimetric factors. . . 340

properties 2(50

Fluorspar in slags 528
Fluxes, assay. 323, 325

for soldering and welding. . 511
Fontaine-Moreau's bronze 499
Force, units of 10, 11
Foreign measures 13

money 15
weights 13

Formation, heats of 291-304
temperatures of slags,

525, 533-537
Foundations, allowable pressure

on 480
France screen 391
Freezing mixtures 144
Fromcnt flotation patents 407
Frue vanner 387
Fuel oil, calorific power 429
Fuels, analyses of 431

calorific-power formulas. . . 435
combustion temperatures, 432
gas analyses 431, 435
general subject 429
kindling temperatures 435
lifiuid fuels 429
oil analyses 433, 434
oxygen required for com-

bustion 432
Fuller-Lchigh pulverizer 356
Fume, composition of zinc 571

condensation .598

Functions, trigonometric 28
values of 31

Furnace products, miscellane-
ous, analyses 544

Furnaces, copper blast, typical, 549
electric iron 618

steel 619
gases from 552
jacket water required 552

Fusible metal, sec Darcet's,
Guthrie's, Lipowitz's,
Lichtenburg's, New-
ton's. Onion's, Rose's
and Wood's metal.

Fusing currents for copper wire, 1 68
other materials 169 •

Fusion, see also "Melting
Points."

latent heats of... 200,201,210
total heats of 210, 211
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Gages, sheet-metal 512, 513
wire 512

Gallium, detection of 273
properties 260

Gangues, specific gra-iaty of 181

Canister, properties of 445
Gardner crusher 356
Gas fuels, analyses of. .... 431, 435

inflammability limits 436
kindling temperatures 435
residual atmosphere from . 437

Gas retorts, brick for. . 449
Gases, adiabatic expansion of. 75

Boyle's law 75
critical temperatures and

pressures 183
densities of 182
generation of 184
lethal amounts of 191
molecular weight of 182
solubility of, in water 215
specific gravity 182
specific heats of 209, 210
toxic 187

Gates convas table 387
Gay-Lussac, law of 239
Geometry, analytic 48
German shell analyses 507
German silver, composition of, 499

Sheffield type 501
wire resistances 168

Germanium, detection of 273
Gilpin County table 386
Giucinum, detection of 273

properties (see beryllium) . 257
Gold, detection of 273

determination of, in plati-
num. 278

electrolytic production of . . 588
electroplating bath 311
gravimetric factors 340
production statistics, 57, 67, 68
proof, preparation of 321
properties 2C0

Golden Gate concentrator 386
Goyder flotation process 407
Grate area for coal 437, 438
Gravimetric factors. . . ., 338
Gravity, barometer correction

for 112
Greek alphabet 3
Grinding in Chile mills 374

in grinding pans 373
in Hardinge mill 376
in tube mill 372, 373

Grondal separator 387
Gun metal, composition of . . . . 499
Guthrie's metal, composition of 499
Gutzkow's process, description

of 493
Gyratory crxisher, breaking

with 375
description 356

H

Hall process 600
Hallett table 387

Hancock jig 387
Hardinge mill, description of . . . 356

grinding in 376
Hardness, Bottone's scale 199

BrinneU numbers 199
test 197

of metals 197
of minerals 178-181
Moh's scale 198

Hardware metal, composition of 500
Harmonic motion, equation of, 75
Harz jig 387
Hayden process, description of, 493
Heat, conductivity, general

tables 146, 148
laws of 152,154

diffusivity 454
of dilution 307
emissivity 454
etching by " 336
of formation 291-303
latent heat of evaporation, 199

. of fusion 200
loss in gas mains 612
loss by radiation 453
of solution 304
specific heats 201-210
total, of fusion 210-211

in slags 547
units, definition of 3

Helfenstein furnace 622
Helium, properties 260
Hitches, in ropes 469
Homologous series 625
Hopfner process, description of

494, 604
Horwood flotation process 408
Huff separator 397
Humidity tables 76, 104
Hunt filter 391
Hunt's process, description of. . 494
Hunt and Douglas process, de-

scription of 494, 60^
Huntington-Heberlein roaster,

work of 517
Huntington mill 356
Hyde flotation process 408
Hydraulic bronze, composition, 504
Hydrides, heat of formation. . . 296
Hydrocarbons, chemistry of . . . 625

heat of formation of 303
Hydrochloric acid, density of. . 122

generation of . . . 185
resistivity of 162

Hydrocyanic acrid, generation of 186
Hydrofluosilicic acid, specific

gravity of solutions. . . 127
Hydrogen, generation of 185

gravimetric factors 340
overvoltage 314
phosphide, generation of. . 186
reduction by 305
selenide, generation of . . . . 186
sulphide, generation of. . . . 186
telluride, generation of.... 186

Hydrometers, Baum6 table.... 113
constants for 112

Hydroxides, heat of formation
of 294

Hygrometric tables 77
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Ignition temppratures, gaseous
mixtures 43.5

metallic sulphides 523
Imlay poncentrator 386
Immersion, deposition of metals

by 317
I. M. M. screen sizes 383-384
Impact screen 391
Imperial screen 391
Incandescence, temperatures of,

in roasting 523
Incendiary bombs 192
Indium, detection of 273
Inflammability limits of gases. . 436
Ingot-mould capacity 607
Injuries, treatment of 632
Insuluminum 504
Intei;ral calciilus .51

Interest, formulas for 18, 23
tables 20

Iodides, heat of formation 298
specific heats of 206

Iodine, gravimetric factors. . . . 340
properties 260

Ionium, properties of 290
Iridium, detection of 273

properties 261
Iron, alloys 49.5-.502

blast-furnace balance sheet 615
practice 609

bnquetting 608
carbon, compounds with. . 261
converting data 610, 614
cupola charges 616
detection of 273
determination of 346
electric-furnace types, 018, 620
electrolytic production of. . 588
electroplating baths 311
ferrochrome manufacture. 619
gravimetric factors 340
heat content of iron 610
magnetic properties. . 234-236
Monell process 614
ore, see "Iron Ore."
permeability 234-236
properties of 261, 273
pure iron defined 515
m slags 525
Thiessen washer 617

works, cost of 481
Iron ore, consumption of, in

U. S 69
production in U. S. . . . 57, 69

Isbell table 387
Isomeric compounds 627
Ivanium alloy 505

J

Jacket water for furnaces 552
Jacoby metal, composition of. . 500
James concentrator 388
Japanese bronze, composition,

499, 505
Jaw crusher, crushing with. . . . 357
Jeffrey swing-hammer crusher. . 357
Jerking table 386

Jig, water used in. . . .387-389, 402
Johnson vanner 388

Iv

Kaiserzinn, see "Britannia."
Kakodvl, generation of 186
Kell.y filter 391
Kelvin rule for power transmis-

sion 167
Kent roller mill 356
Ketones, definition 627
Kievcs 388
Kilogram, definition of 7

weight of, in pounds 7
Kindling temperatures, table of 435
King screen 391
Kinkcad mill 356
Kirby's table, ore in place 177
Kiss process, description of . . . . 494
Knots, how to tie 469
Krupp ball mill 359
Krypton, description of. .... . 262
Kunheim metal, composition of .505

L

Laboratory screen sizes 384
Lane mill, description 355

grinding in 374
I^anthanum, occurrence 262
Latent heat, definition of 4
Latent heats of evaporation. . . 199

of fusion.. 200,201,210,211
Laughton flotation process 407
Launders, moving sand in 404

slope of 402
water-carrying capacity. . . 403

Tieaching, copper 004
Lead, alloys of 497-501

blast furnaces 568
consumption statistics. . 59, GO
detection of 274
determination of 350
electrolytic refining data,

586, 589
electroplating bath 311
gravimetric factors 340
impurities, effect of 515
pattinsonizing data 566
prices, average for 10 years, .54

production statistics. . . . 57, .59

products of smelting, analy-
ses 565

properties of 262
roasting lead ores 516
smelting capacity, U. S. . . 62
softening, typical analyses, 566
steam, effect on molten

lead 565
type slags 547
works, cost of 481, 483
zinc tabic for 30-ton kettle, 566

Le nianc process, description of, 49.4

Lethal amounts of gases 191
Lichtenberg's alloy, composi-

tion of 499
Light, velocity of 13

wave length of 13
Lignite, analyses of 431
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Lime, as a refractory 445
in olags 527, 532

Linear expansion, coefficients of,

195-197
Linear measure, tables of 4, 5

Lipowitz's metal, composition, 500
Liquids, expansion of 197

specific gra\-ity of 171
Litharge, fluxing oxides with. . . 326
Lithium, description of 262

detection of 274
electrolytic production of. . 589
gravimetric factors 340

Log washer 386
Lohmannizing, description of. . 494
Longmaid-Henderson process. . 602
Losses in copper slags 558
Low temperatures, effect on

tensile strength 195
electric conductivity. . . . 157

Luce-Rozan process, description
of 494

Luhrig table 385

M
Macadamum, composition of. . 505
MacArthur-Forrest process, de-

scription 494
McDonald's table, ore in place, 177
Mackenzie's alloy, composition 500
Macquisten process 408
Magnalium, composition of . . . . 500
Magnesite, properties of . . . 445, 456

(See also Refractories.)
Magnesium, description of 262

detection of 274
determination of 345
electrolytic production. . . . 589
gravimetric factors 340
in slags 527, 532

Magnetic separating plant cost, 481
Magnetic separators, Ball-Xor-

ton 385
Conkling 386
Dings 386
Grondal 387
Ullrich 388
"Wetherill 389

Magnetic units, C. G. S: 10
Magnetism, "see Permeability"

and " Electromagnetic
Separation."

iMagnolia metal, composition of, 500
Malleability of metals 193
Manganese bronze, composition

of 505
Manganese, description of 263

detection of 274
determination of 346
gravimetric factors 341
in slags 525

Manganin, composition of 500
wire, resistance of 168

Mannheim gold, composition of 500
Marathon, mill 357
Marcy mill 357
Mariotte, law of 239
Marriner process 494
Martensite, definition of 261

Masonry, allowable pressures
on 480

cost of construction 484
Matte smelting, factors for. . . . 538

specific gravity of mattes. . 533
sulphur affinity in 532

Maxton screen 391
Measure, capacity, tables of. . . 8, 9

circular, tables of 9
linear, tables of 4, 5
miscellaneous units 10
square, tables of 6
time 10

Mechanical engineering 458
Melting point, affected by pres-

sure 447
of elements 254
of firebrick 447
of organic bodies 140
of oxides 446
of salts 216-233

Mendeleef's table 242, 243
Mercury, consumption of 58

description of 263
detection of 274
gravimetric factors 342
prices, average 55
production statistics. . . . 57, 58
smelting 577

Merrill filter press 391
Metallography, reagents for. . . 333
Metals, acetylene, action of, on

metals 214
acids, action of, on metals. 214
boiling points of 131
brittleness of 193
bulk modulus 194
capillary constants 145
coefficient of rigidity 194
conductivity, electric. 156, 159

heat 146
consumption, statistics. . 58-71
ductility 193
etching 333
gra%ametric factors. . . 338-343
latent heat of fusion,

200, 201, 210
magnetic susceptibility. . . . 234
impurities in 514
malleability 193
molten, conductivity of. . . 159
permeability 234
plasticity 193
potentials 315
price statistics 53—56
production statistics. . . . 57-74
resistivity, thermal 148
shrinkage of, on solidifying 238
solubility of, in acids 214
specific heats 202
surface tension of 145
susceptibility, magnetic. . . 234
tensile strength. 194,195
total heat of fusion 210
toughness 193
Young's modulus 194

Metameric compounds 627
Meter, definition of 5

length of, in feet 5
Methane, generation of 186
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Mill recovery, calculation of. . . 418
Milk, construction notes. . 480-4S7

cost of 481
Miller process 494
Milling, canvas table data 401

power required 393, 394
vanner data 398-400
water required 395-404

Minerals, composition of . . 178-181
density of 178-181
hardness of 178-181

Minerals Separation process. . . 407
Nlisch metal, composition of. . . 50.5

Modulus, bulk 194
Youne's 194

Moebius process, description of 494
plant cost 4"<1

Moh scale of hardness 198
Moisture, in atmosphere 76

in fuels 431-432
retained bv ore 404

Molecular weights of .salts, 216-233
Molybdenum, description of. . . 263

detection of 274
gTa\'imetric factors 341

Monel metal, composition of. . . 500
Monrll process, heat balance. . . 614
Money, tahde of values " 15
Moore filter press 391
Morin's Chinese bronze, compo-

sition of 500
Mortar-block data 382
Mosaic gold, composition of. . . 500
Mould capacity 607
Mud sills, size of 381
Multiple proportions, law of. . . 239
Multiple ^'s. series refining. . . . .585

Muntz metal, composition of. . 500
Murcx process 408
Mushet steel, composition 505

N

Xeodymium. detection of 275
properties of 263

Newaygo 391
Newton's alloy, composition of, 500
Nickel, alloys of 502

description of 263
detection of 275
determination of 349
electroplating bath 311
gra\'imetric factors 341
impurities in 515
production statistics 57
salt from copper-refining,

analyses 583
slags, blast-furnace 544
smelting data 576

Niobium, see "Columbium."
Nip, angle of 366
Nissen stamps 357
Niter, oxidizing sulphides with. 325
Niton, properties of 291)

Nitrates, heat of formation of. . 301
specific heats of 205

Nitric acid, specific gravity of. . 123
anhydride, generation of. . 186
oxide, generation of 187

Nitrides, heat of formation. . .

.

296

Nitrogen, determination of. . . . 353
generation of 186
gra\'imetric factors .341

Nitrogen peroxide, generation
or 186

Nitrotis oxide, generation of . . . 186
Nitrous acid poisoning 638
Noncorrosive alloys 505

O

Oils, calorific powers of . . . 429-431
composition of fuel oils,

431, 433, 434
for flotation 409, 4 1

5

Olary ores, treatment of 595
Oliver filter .392

Onion's alloy, composition of. . 500
Optical pyrometers o'J3

Ores, conducti\'ity (electric) of, 624
consumption of iron ore in

U. .^ 69
production of iron ore in

r. S 57, 69
sampling of 330
screen analyses of 612

Organic chemistry 625
Osmium, description of 264

detection of 27.5

Overstrom table 388
Overvoltage 314
Ovoca classifier 392
Oxidation agents in assaying. . 324

by electrolysis .313

wet reagents 32.5

Oxides, fluxing with litharge. . . 326
heat of formation of 293
melting points of 446
oxidation of 306
reduction temperatures of. 305
resistivity of 164
specific heats of 204

Oxygen, combustion require-
ments 432

generation of 187
overvoltage 314

P

Pachuca (Brown) tank 390
Packfong, composition of 500
Paddlewheel agitator 392
Palladium, description of 265

detection of 275
determination of. . 278

Parkes process, description of .

.

494
results of. 566
works cost 481

Parral agitator 392
Parr's alloy composition of . . . . 500
Parting, gold-silver alloys 328

platinum alloys 327-.329
Patera process, description of. . 495
Patio process, description of. . . 495
Patterson agitator 392
Pattinson process, data on. . . . 566

description of 495
Payne's table, weight of water

in air 176
Pearlite, definition of 261
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Peirce-Smith process, descrip-
tion of 495

Pelatan-Clerici process, descrijj-

tion of 495
Pendulum, seconds, length of . . 10
Pendulum, torsional, period of, 75
Periodic law 239

table 242
Permeability, magnetic. . . 234-236

of refractories 455
Permutation, laws of 17
Pewter, composition of 500
Phonoelectric wire, see "Silicon

Bronze."
Phosphates, heats of formation, 300

specific heats of 20(i

Phosphides, heat of formation, 297
Phosphine, generation of 187
Phosphor bronze, composition

of 501
Phosphorus, determination of. . 352

gra\'imetric factors. . . 341, .342

properties of 265
Physics, fundamental laws 75
Pig-iron output 69
Pinchbeck, composition of 500
Pinder concentrator 388
Pip)e fittings, .standards for, 461-466
Piping, formulas for 472

gas, flow in 473
Placer sands, magnetic separa-

tion 237
Plants, metallurgical, construc-

tion 480
costs of 481

Plastic bronze, composition of. . 500
Plasticity of metals 193
Plates, slope of, in Australian

mills. 405
Platine, composition of 501
Platinoid, composition of 501

wire resistance -. 169
Platinum, cupellation of. . . 327-329

description of 26.5

detection of 275
determination of 278
electroplating bath 312
gra\nmetric factors 342
parting .328, 329
world's production (rf 68

Poison gases 187-191
Poisons and antidotes, cyanide. 635

general 634
Polygons, areas of 26
Polyhedrons, areas of 26

volumes of 26
Polonium, properties of 290
Porosity of refractories 455
Potassium, description of 26.5

detection of 275
determination of 344
electrolytic production of. . 589
gra\dmetric factors 342

Potentials, anode 314
cathode 314

Potter-Delprat flotation process 407
Powdered fuel 557
PoweUizing, description of 495
Power, algebraic formula 16

concentrator 393, 394

Power, cubes, table of 33
Dorr thickener 426
Pachuca tank 167
transmission 428
units of 13

Praseodymium, see "Neody-
mium."

Precipitates, properties of, 344-354
Precipitation of metals by elec-

trolysis 354
of silver in cyanidation. .. . 606

Preservatives, effectiveness of
wood 490

Pressure, critical, of gases 183
effect on boiling point, 132-1.34

Price, of aluminum, yearly aver-
_ ages 55

antimony, yearly average. 55
copper, monthly averages. 53

wire and sheets 54
lead, monthly averages. ... 54
platinum, yearly average. . 55
quicksilver, yearly average,. 55
spelter, monthly averages. 56
tin, monthly averages 56
zinc, monthly averages. ... 56

Production statistics of arsenic, 57
of aluminum 57, 58
of coal 57
of coke 57
of copper 57, 64
of ferromanganese 57
of gold 57,67,68
of iron 57, 69

ore 57, 69
of lead 57, 59
of nickel 67
of petroleum 57, 69
of quicksilver 57, 58
of silver 57, 65, 66
of spelter 57, 62
of tin 70
of zinc 57, 60, 61, 62

Progressions, mathematical. .. . 17
Proof gold, preparation of 321
Proof silver, preparation of . . . . 322
Pulley, curvature of wire ropes

over 471
Pulp constants 420
Pumps, formulas for 472
Punched-plate screens 385
Pyritic slags, typical 539
Pyrometers, color scales 453

Erhard and Schertel 452
metallic salts 452
optical 594
.Seger cones 450

Pyrophoric alloys 506
Pyschrometric tables 76

Q

Qualitative analysis, acids 284
bases 281

Queen's metal, composition of.

.

501
Quicksilver, consumption sta-

tistics 58
description of 263
detection of 274
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Quicksilver, prices, average. ... 55
production statistics. . . . 57, 58
smelting 577

R

Radian, value of 9
Radiation, loss of heat by 453

(See also DifTusi\-ity and
Emissivity.)

Radioactive phenomena.. . 245, 290
Radioelements, chart showing

disintegration 247
properties of 290

Radium, detection of 275
properties of 290
recovery from Olary ores. . 595

Randolph process, description
of 495

Reaumur, temperature scale. . . 3
Recovery, calculation of mill. . 418
Red metal, composition of .... 501
Reduction, agents for, in assay-

ing 324
by electrolysis 313
by hydrogen 305
temperatures of 305
wet reagents 325

Reese River process, description
of . 495

Refining capacity, copper, in
Umted States 74

Refractories, description of com-
mon 442

general subject. 439-457
neat conducti%'ity. . . . 455-457
melting points of firebrick. 447

of oxides 446
permeability 455
porosity 4.55

Seger cone data 450
testing under load 448
(See also Chrome, Magne-

site. Fireclay, etc.)

Remanence, definition 234
Resistivity, electric 158-160

of electrolytes 162
of metallic oxides 164
of oxides 1 64
of solid dielectrics 160
of solutions 161 -164
thermal 148, 444

Resistor wire table 168
Retort (zinc), capacity 572

distillation temperatures. . 572
duty 573
gases from 571
glazing 573
residue analyses 570

Reverberatory furnace, coal-
dust firing in 557

copper refining 579
fettling 554
grate area 437
largest copper 560
practice 5.53, 560, 579

Rhodium, description of 265
detection of 275

Richards classifier 392
Richards jig 388

Ridgeway filter 392
Rigidity, coefficient of 194
Ringelmann's smoke chart 438
Rittiager table 388
Roasting, copper-roasting t\xi-

nace 516
desulphatizing tempera-

tures 304
efficiency of apparatus for, 524
factors for calculating prod-

uct 522
furnace dimensions 522
heap roasting, time of 523
ignition and incandescence

temperatures 523
lead ores 516
loss with zinc ores 571
magnetism produced by. . . 237
Montana roasting furnaces 516

Robson flotation patent 406
Roll jaw crusher 357
Rolls, crushing with 366, 368

width of 373
Roller mill 356
Rolling mill construction cost. . 481
Rolling, steel, power consump-

tion 617
Roots, formulas for 16
Ropes, knot tying 469

curvature over pulleys. . . . 471
safe loads for 467

Rose's metal, composition of. .

.

499
Rozan process, description of. . 495
Rubidium, detection of 276

gravimetric factors 342
Russell process, description of.

.

495
Rust removal 317
Ruthenium, description of 266

detection of 276

S

Safe loads for ropes and chains, 467
Salts, boiling points 216-233

formulas 216-233
melting points 216-233
molecular weights of . . 216-233
solubility of, 20.5-207, 216-233
specific gra\-itie8 216-233

Sampling of coal 332
of ores. 330-331

Sanders flotation process 408
Scalds, treatment of 634
Scandium, detection of 276
Screen analysis of ores 611
Screen sizes 383-385
.Second's pendulum, length of. . 10
Seger cone data 450
.Selenides, heat of formation. . . 295
Selenium, gravimetric factors. . 342

poisoning, antidote 636
properties of 266

.Separation, electromagnetic 236, 237
electrostatic 165

.Series-copper refining, names of
processes 495

Series refining vs. multiple 585
Settlers 391, 392
Settling, coagulants for 421
Shale oils 434
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Shakado, analysis of • • 506

Sheet metal gages. |llL^n«
Shell steel, properties ^^^t^%
Sherardizing, definition 4«^
Sherman settler. ^^
Shibuichi, analysis of ..... . • • • °""

Shock, electric, first aid in bdO

Shrinkage of castings. ...^.. . .

of metals on sohdifjing. . .
^^o

Siemens and Halske process, de-

scription of ••• *^^

Siemens-Martin process, de-

scription of • ^'ao

Silica, as a refractory. . . . . 445, 448

Silicates, heat of formation o|^^^
^^^

specific heats of. 20

total heat of fusion . . . ... -i ^

Silicides, composition of metal-
^^^

lie •; 2Q7
heat of formation ... ..••• ^^'

Silicon bronze, composition ot
. .

ou i

Silicon, determination of
^-^^

gravimetric factors ^*^
Silicon irons • ogi
Sills, size of cross sills ^

size of mudsills ^°^
Siloxicon. a refractory ^^^
Silver, alloys of

.
. • • • • • ViL' ' ^co

chloride, solubihty table. .
o»9

description of .,_g

detection of -.,
determination of ^^|

with platinum, .........
j^^

electrolytic refining of 0»9

electroplating bath ^i^

gravimetric factors a^^

ingot-mould sizes •.•• ou<

precipitation of, in cyanide

process ;
••.•; '

production statistics oU
^^^ ^^

proof silver, production of, 322

Sines, table of r '

t'
' ' '

'is iq
Sinking funds, formulas for. . 18, 19

tables ;,"

Slaggability ratios, copper refan-

ing. . •. 59g
Slags, alumina in. ~.

Balling's tables • ^*^
blende in _25
degree of -gy
factors for -^g
fluorspar in. .... .-

^
general considerations. --.Ij^
heats of formation.... 5^5-o43

iron in C47
lead furnace r^'r

Smelting, in blast furnaces, cop-
_

per ^^!.
in electric furnace, copper. &bO

zinc -Sr:",
general notes on o25 e« seq.

lead furnace ^^°
mercury ^i'
nickel o76

in reverberatones 03|
*^° •

569

Smelting' capacity, U.S., copper 72

lead. 62

lime in. 558
losses in copper ^^7
magnesia in .„.
manganese in ^
miscellaneous analyses o^*

pyritic coo
specificgravity of o^-|

zinc in • coo
SUme, analyses of copper o»^

coagulants • -Zo
flue dust (copper) ^»;^

Smalt, production of

silver-lead ^
zinc •.••.•••••, .no

Smith process, description of. . 4a|

Smoke chart .• • '*"^»

Soddy's law for radioelements^.
^^^

Sodium chloride, specific grav-

ity of solutions _!;£'

Sodium, detection of. ^'o

determination of -ij^
gravimetric factors ^*"
properties of •£"'

Softening, typical analyses. ... 5bb

Solder, composition of oui

Soldering, fluxes for.
^J*

Solubility of air in water ^10
of gases in water •^^'^

of salts in water,^_2^g_
2^^233

Solutions, densities of saline, 128-131

heats of. _

ifii_164
resistivities of. .... • •. •

lol ^^4

specific gravity of s^"°^^28-131

standard ,•••.• i.'' "

i aqr
Solvay process, description of, 49b

Sorbite, definition of ^"^
Sound, velocity of......•-.•

Sparking distance, electrical
^^^

Specific gravity. alkaUne solu-

tions.
Jl'ammonia ^ . „

Baum6........ ^^^
cyanide solutions ^^"
fuel oils 430
gangues
gases .• • •

hydrochloric acid. . .

.

hydrofluosilicic acid 1^'

liquids iig
mercury • • „,
minerals ^19^
nitric acid

^^^

saline solutions
2ll^233

solids • ]..
sulphuric aeid 1

J^
*„^r^orniiire correction. . 1 1»

181
182
122

576

temperature correction.

units of l''^

water, various tempera-
tm-es l'^' 1'"

Specific heat, of alloys 201

definition of ^no
of elements • • ^
of gases 209, ^lu
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Specific heat, of metals 201, 203
non-metals 201

Spectra, high frequency 244
Spellcrizing, definition of 496
Spelter, see "Zinc."
Spigots, flow of sand through. . 419
Spitzlutte 388
Sprains, treatment of 632
Square measure, tables of 6
Square roots, table of 32
Squares, table of 32
Stainless steel 506
Stamp mill, cost of 481
Stamps, description of 357

drops of 378
mortar block data 382
mud sills, size of 381
power required 379
sequence of drops 378
steam 383

Standard annealed copper 165
."Standard-solution strengths, i. 318
Starting-sheet electrolyte com-

position 581
Steam, effect on molten lead. . . 565

e<iuivalent evaporation
from and at 212° 134

thermal constants 142
properties of 140, 141

Steel, see also "Iron."
electric furnaces for 619
Monell process 613
roUins, power consumption 617
tempering 614

Stein table 385
iStellite, composition of . . . . 497, 500
Sterline, composition of .501

Sterro's metal, composition of. . 501
Stone, voids in crushed 304
Strengths of materials. . . . 488, 490
Strontium, detection of 276

electrolytic production. . . . 590
gravimetric factors 342
properties of 267

Sturtevant urinder 357
ring roll crusher 358
roll jaw crusher 358
rolls 357

Sulphates, dehydration tem-
peratures 302

desulphatization tempera-
tures 304

dissociation tensions 304
heat of formation of 299
specific heats of 204

Sulphides, decomposition tem-
peratures 306

heat of formation 296
of fusion 201

oxidizing, with n»ter 325
specific heats of. ... 206, 207

Sulphites, heats of formation. . 301
Sulphur, affinity for various

metals 532
detection of 276
determination of 352
gravimetric factors 343

Sulphur dioxide, generatioQ of. 187
solubility in water 215

feulphur-eand cement 607

Sulphur trioxide, generation of, 1S7
Sulphuric acid, density of 114

manufacture of 563
cost of plant 482
resistivity 162
temperature correction.

.

119
Surface tension, of metals 145
Susceptibility, magnetic. . . 234, 235
Susceptivity 234
Sutton, Steele & Steele table. . . 388
Swing-hammer crusher. . . . 357, 358
.Symbols, chemical 254

mathematical 1

Symons crusher 358
crushing with 365

T

Tables, concentrating 385-389
Tangents, tables of 46
Tank capacity. 422
Tantirou, composition of. . 499, 506

for insoluble anodes 584
Tantulum, properties of 267
Tees, standards for 461—166
Telluridcs, heat of formation. . . 295
Tellurium, gravimetric factors, .343

properties of 267
Temper carbon 261
Temperature, barometer correc-

tion for 110
by color of iron 4
combustion temperatures, 432
critical, of gases 183
desulpliatization 304,571
distillation, zinc 572
formation of slags,

525, 53.3-537, 543
kindling 435
melting points 4
of metallurgical operations, 549
scales of 3
steel tempering 014

Tempering, temperatures for. . 614
Tenacity of metals 193
Ten.sile strength of metals, 194, 195
Thallium, detection of 276

gravimetric factors 343
Tiiermoclieniical constants, 291-307
Thermochemistry of blast-fur-

nace 612
Thermoelectricity, formulas,

171, 308
Thermometer, centigrade 3

Falirenlieit 3
Reaumur 3
wet-bulb 76

Thermometry, color scales. . . .4, 453
Erhard and .Schertel fusion

mixtures 452
metallic salts for 4.52

,Seger cones 450
standard melting points. . . 4

scales defined 3
Thiessen washer, work of 617
Thiogen process 600
Thomas-Gilchrist process, defi-

nition of 496
Thomson's rule for decomposi-

tion e.m.f 309
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Thorium, detection of 276
gravimetric factors 343
properties of 291

Thum-Balbach process, defini-

tion of 496
Time, units of 10
Tin, alloys of .

498-502
consumption of 70, 71

detection of 276
determination of 352
electrolytic recovery 590
electroplating bath 312
gravimetric factors 343
impurities in 515
prices, average. . . 56
production statistics 70
properties of 267
smelting 574

Tinfos furnace 622
Titanates, specific heats of . . . . 206
Titanium, detection of 277

determination of 347
gravimetric factors 343

Tobin bronze, composition of . . 501
Tombac, composition of 501
Toughness of metals 193
Toxic gases 187-191
Transmission of power, copper

wire table 167
Kelvins rule 167

Trent agitator 392
Triangle, solution of . . . 30
Trigonometry, abbreviations. . . 2

definitions 28
formulas 28,29,30
numerical values of func-

tions 31, 44
sine tables 44
tangent tables 46

Triumph concentrator 388
Trommel 393
Troostite, definition of 261
Trough washer 388
Tube mill, description. . . . 355, 357

grinding in 372, 373
Tungsten, detection of 268, 277

gravimetric factors o43
properties of .••.•• ^68

Turbadium bronze, composition
of •

.. 501
Turbine-wheel bronze, composi-

tion of 501
Tyler screen sizes 384
Type metal, composition of . . . . 501

Ulcoloy, analysis of 506
Ullrich magnetic separator 388
Ultimate strengths of materials,

489, 501
Unstable alloys 497
Uranium, detection of 277

electrolytic production. . . . 590
gravimetric factors 343
properties of 268, 290
recovery from Olary ores. . 595

V

Valence 254
Vanadium, detection of 277

gravimetric factors 343
properties of 269

Vanner, Frue 387-389
general data on 398-400

Vapor tension, arsenious acid. . 144
water 106, 110

Velocity of light 13
of sound 13

Vibracone 393
Victor metal, composition of. . . 501
Viscosity of sand-water mix-

tures 419
Voids in crushed stone 364
Voltage of decomposition. . 315, 316
Volume, formulas for 26, 27

measures of 8, 9

W
Wall plates, allowable pressure

on _. 480
Watchmaker's alloy, composi-

tion 501
Water, capacity of launders. . . 403

density of 175, 176
falling in, speed of 405
pipe and pump formulas. . 472
pressure at various heads. . 473
pumping by compressed air

476, 480
required for concentrators,

395-397, 402
solubility of salts in. . 210-233
specific heats of 208
speed necessary to move

sand. 404
Wave length of light 13
Weight, atomic 254

foreign 13
-pressure tables 13
tables of 6, 7, 8

Welding, fluxes for 511
Weldon's process, description of 496
Wet measure 8, 9
Wetherill magnetic concentra-

tor 389
White brass, composition 501
Wilfley slimer 389

table 389
Williams hinged-hammer

crusher 356
Wire bar analyses 583
Wire, fusing currents 168

gages 512
resistances of 167, 168

Wohlwill process, description of 496
Wolf flotation patent 407
Wood's metal, composition. . . . 501
Wood preservatives, effective-

ness of 490
Woodbury jig 389

table _. . . 389
Work, equivalents in various

units 13
units of 10, 11

Wounds, treatment of, 632
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X
Xenon, occurrence 269
X-ra>-8, characteristic 245

Y

Y's (pipe fitting) 465, 466
Year, length of 10
Young's modulus 194
Yttrium, detection of 277

Z

Ziervogel process, description of 496
Zinc, alloys 498-502

analytical factors 343
blue-powder production .. . 570
cadmium-bearing flue dusts 573
consumption statistics. ... 61
desulphurization tempjera-

tures 571
detection of 278
determination of 348
distillation temperatures. . 572
electric smelting 573

Zinc, electrolytic production of. 59

1

electrolytic refining of 592
electroplating baths 313
fume composition 571
glazing retorts 571
gravimetric factors 343
impurities in 515
loss in brass-melting 592
Parkes process require-

ments 566
prices, averages 56
production statistics, 57, 6CM32
properties 2li9

retort capacity 572
duty 573
gases, analysis 571
residue, analysis 570

roasting losses 571
in slags 528, 532
smelting capacity 61

effect of impurities 569
smelting works, cost of, 481, 483

Zinc Ck)rporation flotation proc-
ess 408

Zirconia, properties of 445
Zirconium, gravimetric factors, 343

properties of 270
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